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Guide for Conducting Statistical 
Compmsons of RFI/RI Data and Background Data 

At the Rocky Flats Plant 

General 

This document is intended to provide guidelines for OU-to-background comparisons of data, and 
to explicitly discuss approaches to the issue of determining OU-specific contaminabon. The OU- 
to-background comparison will be applied for inorganics and radionuclides. In addiQon, the 
compmson may occasionally be performed for organics on a limited, case-by-case basis, subject 
to EPA and CDH approval. 

I 

It is important to establish a common approach leading to a common list of possible 
contaminants for each OU. To this end, the Figure GENERAL APPROACH TO 
DETERMINING "CONTAMINANTS" was developed. In this general technique, a "Tool- 
Box" approach is employed to amve at one common list of contaminants for each OU (or 
subdivision), for all funcbonal aspects of the RFI/RI and CMS/FS. 

As indicated, several disciplines such as the Human Health or Ecological k s k  Assessors and 
Regulatory specialists may pare the list of contaminants to "Contaminants of Concern" (COCs) 
based on factors germane to their applicahon (e g , toxicity) 

The text below follows TASK 4: FLOWCHART FOR COMPARING OU DATA TO 
BACKGROUND. 

Start 

Determine Background and OU Tarpet Pomlatiorq 

Appropnate geographical, geological, and temporal data sets will be defined for compmson 
This is essenbally a matching exercise so that Site (OU) data sets are comparable to background 
sets Considerabon will be given to issues such as 

Geologic matenals 
Hydrostrabgraphic unit 
Temporal comparabdity 
Sample size for statsbcal tests 
Confidence in geo/hydrologic regime determinabon 
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The background data sets will be taken from the 1993 Background Geochemistry 
Charactenzation Report (EG&G, September, 1993) The following media have defined 
backgrounds groundwater (Rocky Flats Alluvium, valley fill alluvium, colluvium, weathered 
sandstone, and unweathered Arapahoe/Laramie formabon rocks), surface water (Rock Creek and 
Woman Creek), seeps, stream sediments (Rock Creek and Woman Creek), seep sediments, and 
sods (Rocky Flats Alluvium, colluvium, sufficial, weathered claystone, and weathered 
Arapahoe, Laramie sandstone). Site media will be cross-referenced to one or more background 
media. 

DQos are established to define data needs for each of the RFI/RI tasks, coordinate that 
collecbon activities support those needs, and ensure the quality and quanbty of resultant data. 
Three stages are used in the development of DQOs: 

Identify Decision Types: 
Idenbfy and involve data users, 
Evaluate available data, 
Develop a conceptual model of the study site, and 
Specify RFI/RI objecbves, and antxipate the decisions necessary to achieve the 
objecbves. 

Identify Data Uses and Needs: 
Idenbfy data uses, 
Idenbfy data types, 
Idenhfy data-quality needs, 
Idenbfy data-quanbty needs, 
Evaluate sampling and analysis options, and 
Review data precision, accuracy, representativeness, completeness, and 
comparabdity (PARCC) . 

Design Data Collection Program: 
Assemble data-collecbon components, and 
Develop data-collechon documentabon. 

Data Co llection and Val idation 

Under current IAG schedule condibons, analyhcal data may not be 100% "validated" when the 
background comparrsons are made in each draft report The potenhal impacts of using non- 
validated data will be discussed on a case-by-case basis 

A "preliminary" exploratory data appmsal will be performed to obtilln a "feel" for the data 
This will involve techniques and idenhfication of issues such as 
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Gross summary stahstics 
Spabal arrays 
Temporal plots 
Sampling strategy comparability evaluation 
Affected media matnx 
Hit rabos 
Non-detect rates 
Detection hmit/quantitabon limit issues 
Extent of data qualifications "J", "B", etc. 
Histogramdboxplotdother vlsuals 
DQO adequacy/complekness assessment 

This step will help guide the need for, and evaluate the appropnateness and applicability of 
further analysis, evaluate assumpbons, and ascertam the impacts and limitabons in light of the 
actual data as collected. Informabon generated dunng the exploratory data appraisal will be 
used in evaluatmg the appropriateness of the scope of the formal RFI/RI proposal. At the 
discretion of DOE and its contractor, it may occasionally be made avadable and reviewed with 
the regulators. 

Data Presentation 

Several data-presentation techniques were identified by Dr. Gilbert as appropnate for different 
conditions. To perform them all for all compounds in a standard full suite is not necessary 
when it is clear from a preliminary review that the vast majonty of data points for some 
compounds are enhrely or almost enbrely non-detects. 

Accordingly, we have refined the methodology as follows* 

Box plots will be used when the percentage of non-detects is 50% or less. 

Histograms will also be used when the percentage of non-detects is 50% or less Bars 
in the histogram will be shaded to indicate the percentage of detects and non-detects 
within each bar interval. 

Probability plots, ordered Wigs, and other graphics will be used as appropnate 

As indicated by the OUl process, visual presentahon of the data is important Interpretable 
graphics will be produced to the extent that they facilitate analysis In general, graphics will be 
a central feature of analysis. 
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BACKGROUND COMP ARISON METHODOLOG Y TOOL BOX APPROACH 

Employing. Bounding-Benchmark Companson (Hot Measurement), Inferenhal Stabshcs, and 
Professional Judgement 

General 

The tool-box approach employs a bounding-benchmark companson, inferential statistics, and 
professional judgement. This approach was forwarded in the OU1 comment-resolution process, 
endorsed by Dr. Gilbert, and is widely applied in the hazardous waste industry and 
environmental business across Amenca. It employs a "weight-of-evidence" framework wherein 
all three aspects are factored mto the determinabon of what is a Site (Ow contaminant. 
Stabsticians will be used to verify that the methods used are correct 

-&son f "Hot-Measu rement Test" Component) 

o A hot-measurement test wdl be performed that will compare each analyte concentration 
to an upper-limit value for that analyte. 

o The upper-limit value will be the value at which there is a 99% probability that 99% of 
the background distnbution will be below this value (UTL,*) If the UTLm cannot 
be calculated or reasonably esbmated, then background values from technical literature 
and professional judgement will be used. The resultmg geochemical interpretahon of 
data will be subject to Agency review and approval 

o The mm is required instead of a toxicity-based value because a single list of potenbal 
contaminants must be used by many disciplines (Human Health, Ecological, Regulatory, 
etc ,) to ensure consistency across the WYRI and CMS/FS Reports The subjecbve 
nature of what is "hot", as well as toxicity and ARAR considerabons, will be dealt with 
by the specialists who determine COC's specific to their discipline. See the Figure 
UPPER TOLERANCE LIMITS BY GEOLOGIC UNIT for a compmson of UTL's 
and Human Health Toxicity-based "Hot-Measurement " values. 

o In addibon to ensunng that high concentrabons do not get overlooked, the UTb,, is an 
important tool for idenbfying locabons of suspected elevated concentrabon in the "nature 
and extent" secbon. 
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Backgroun Com 

Based on Dr. Gilbert's work, the following inferential stabstical tests will be used to compare 
background data sets to data sets compiled at the Operable Units (OUs) These data sets will 
be compiled and compared by analyte, and by the correct background data set @e., colluvium, 
alluvium, alluvlum + colluvium, surface soils, etc. [See Determine Background and OU Target 
Populabons]) . 
It should be noted that Dr. Gilbert's recommendabons establish a framework that emphasizes 
using the most appropnate test avadable. Thus professional judgement will be necessary both 
in applicabon of mferential tests, as well as their interpretation. Additionally, within the 
framework of a battery of tests drawn from a "tool box" of methods, it is requested that EPA 
and CDH reman open to consultation on the use of other tests as appropriate. 

The results of all tests (hot-measurement, inferentral) will then be evaluated in light of 
professional judgement. This process is depicted on the figure BACKGROUND 
COMPARISONS METHODOLOGY. 

If  hot-measurement or inferenbal statistical tests show that the concentrabon of  a given analyte 
in the OU data set is not greater than the concentrabon in the background data set, and if 
considerabons in the professional-judgement arena do not ovemde, then the analyte is considered 
not to be a contaminant. 

If  either the hot-measurement test or at least one inferentral stabsbcal test shows that the 
concentrabon of a given analyte in the OU data set may be greater than the concentrabon in the 
background data set, then professional judgement (using temporal and spatral analysis, as well 
as pattern-recognibon concepts) is agam applied to see if the analyte concentrabons in the two 
data sets are actually different. 

After the hot-measurement test and pnor to the use of inferenbal statisbcal tesbng, the issue of 
non-detects must be dealt with for all tests except the Gehan test, which can be applied with non- 
detects present. For all other tests, non-detects should be replaced with a value of 0 5 bmes the 
applicable detecbon limit, following EPA guidance (Stabsbcal Analysis of Groundwater 
Monitonng Data at RCRA Facihbes, Addendum to Intenm Final Guidance, July 1992), but 
realizing the performance of simple subsbtubon decreases with an increasing proporbon of non- 
detects 

The handling of non-detects, and the presence of muluple detecbon limits in the WEDS data 
base, requires the use of good professional judgement along with the general guidance offered 
here The use of graphical displays of data will assist in the handling of high-value non-detects 

A discussion of detecbon limits wlll be given at this point. 
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Gehan Test or Nonparametnc ANOVA Test 

0 The Gehan test is a nonpararnetnc test and can be used when multiple detection limits 
are present. The Gehan test will be applied without replacing non-detects These are 
the pnncipal favorable attnbutes of the Gehan test 

0 Standard nonpararnetnc ANOVA tests (Wilcoxon Rank Sum and Kruskal-Wallis) are 
widely used in environmental assessment, and are discussed in EPA guidance (Stahshcal 
Analysis of Groundwater Monitoring Data at RCRA Facilibes, Addendum to Intenm 
Final Guidance, July 1992). These tests require replacement of non-detect values, either 
by simple substituhon or maximum-likelihood methods. 

o For the Gehan or nonparametric ANOVA test, a p-value will be generated and p-values 
that are equal to or less than 0.05 will normally be considered indicative of a significant 
difference from background. Statements of the test and null hypotheses will be given, 
in both stahshd and narrahve terms 

Ouantile Test 

0 The quanhle test is also a nonparametric test and can be considered as a rapid screening 
test. 

o Due to limitations in the quanhle test, the test will only be used if the largest 20% of the 
combined background and site data are detects 

0 A p-value will be generated and p-values that are equal to or less than 0 05 will indicate 
a significant difference from background Statements of the test and null hypotheses will 
be given, in both stahstical and narrahve terms 

ShDDage Test 

0 The slippage test is a nonparametnc test and can be considered as a rapid screening test 

0 Due to hmitahons in the slippage test, the test will possibly not be used if the largest 
background value is a non-detect If the largest background value is a non-detect, then 
professional judgement wlll be applied to determine whether or not the slippage test is 
applicable. For example, if the second largest background value is a detect and is similar 
in value to the largest background value, it could be used in place of the largest value 
(although the replacement must be taken into account when interprehng the test results) 

0 A p-value will be generated and pvalues that are equal to or less than 0 05 will indicate 
a significant difference from background Statements of the test and null hypotheses will 
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be given, in both stabstical and narrative terms 

T-Test 

o The t-test is a parametric test and IS very commonly used when testing the difference 
between means of two data sets. 

0 Due to limitabons in the t-test, the test will be applied in cases where both background 
and OU data are normally distnbuted and contam at least 20 data points, and less than 
20% of the background and OU data are classified as non-detects. 

o A p-value will be generated and p-values that are equal to or less than 0.05 will indicate 
a significant difference from background. Statements of the test and null hypotheses will 
be given, in both stabsbcal and narrabve terms. 

Due to their wide use in statistical applicabons, including regulatory settings, it is possible that 
ANOVA (parametric and non-parametric) tests may qualify as the most appropriate tests, 
notwithstanding their limitations with non-detects and multiple detecbon limits. DOE and its 
contractor shall confer with EPA and CDH, and seek regulatory assistance prior to the use of 
these tests, and any other tests deemed applicable, as appropnate. For example, see the attached 
Figure 1-2, SELECTION OF STATISTICAL METHOD FOR COMPARISON OF 
BACKGROUND AND NONBACKGROUND POPULATIONS, from the 1993 Background 
Geochemistry Report, 

Professional Judee ment 

The following general guidelines will be used individually and collectively, in conjuncbon with 
the above compmson and stabsbcal "tools" to ascertam if a reported analybcal detection(s) 
constrtutes contaminabon at the OU When professional judgement is applied, documented and 
defensible evidence will be furnished, and DOE will bear the "burden of proof" 

o Spatial distribution of analytes above background are or are not indicatwe of 
contamination due to waste-related achvihes at the OU Spabal plots, interpreted in a 
source-to-receptor conceptual model, in addition to compound-specific mobility 
considerabons, generally assist in interpretabon of inconclusive results 

o Temporal distribution of analyte concentrabons at a stabon mdicates the "high" value(s) 
is(are) outlier(s). Time-senes plots at wells or surface-water locabons can generally be 
used to link apparently insignificant outlier reports to seasonal or hydrological 
phenomena, and vice versa. 

0 Other associated analytes are determined not to be contaminants in the sample or at the 
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stabon. Then this may be added to cumulative evidence ("burden of proof') that the 
analyte in question is not a potential contaminant of concern. Pattern-recognition 
concepts are useful in idenbfying anomalies as well as confirming " fingerpnnt" 
associabons. 
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NOTICE: 

The following section is not sequentially page 
numbered . All Tables, however, appear to be 
complete and in proper order beginning with 
page C-5, Table C-1. The AR microfilm copy 
conforms to the original. 
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l Table C-I. Groundwater UTLs by geologic umt for dissolved metals 

UPPER TOLERANCE LIMITS BY GEOLOGIC UNIT 
GROUNDWATER. DISSOLVED METALS 

ANALYE 

ALUMINUM 
ANTIMONY 
BARlUM 
W M I W  
CALCIUM 
CHROMIUM 
COPPER 
lRoN 
UMlUM 
MAONESIUM 
WOANESE 
MOLYBDENUM 
POTASSIUM 
SELENIUM 
SlLVER 
SDDIUM 
SFRONnUM 
nN 
VANADIUM 
ZINC 

ALUMINUM 
ANnMONY 
BARIUM 
CADMIUM 
CALCIUM 
CHROMIUM 
COPPER 
IRON 
LEAD 
UTHlUM 
MAGNESIUM 
MANGANESE 
MOLYBDENUM 
NICKEL 
POTASSIUM 
SILVER 
SODIUM 
STRONTIUM 
W U M  
TIN 
VANADIUM 
ZINC 

GEOLOGIC SAMPLE PERCENT STANDARD 
UNIT SIZE, N DmCTS MEhN DEVIATION 99/99 VTL UNITS 

COL 35 
COL 33 
COL 34 
COL 34 
COL 35 
COL 32 
COL 33 
COL 34 
COL 34 
COL 34 
COL 3!3 
COL 33 
COL 33 
COL 32 
COL 31 
COL 35 
COL 34 
COL 31 
COL 32 
COL 35 

71 43 
3333 
tQ 41 
2353 
10000 
28 12 
3636 
61 76 
86.24 
10000 
74.29 
42 42 
6485 
62250 
25 81 
10000 
97 06 
41 94 
6562 
7429 

59 18 
14 64 
nos 
1.97 

ocT,314.2Q 
587 
508 
4638 
1an 

20,479 41 
3210 
10 35 

2.086 36 
17 40 
3.22 

98.454 29 
701 88 
44 01 
8 17 
1 1 3 0  

49 50 
950 
s@o3 
1 67 

34,355 90 
5 93 
4.20 
79 70 
6455 

10,610 71 
38 69 
32.15 

1,9030B 
42 89 
2 61 

64,522.31 
374 80 
62.59 
7 85 
I O  64 

224.21 
4692 
207 89 
7.57 

21 0,868 89 
26 03 
re27 
31370 
a630 

56,070 91 
161 12 
127 87 
8,513 OS 

I53 12 
12 84 

31 3,594 26 
1,959 OB 
258 16 
3484 
46 ?B 

RFA 104 
RFA 113 
RfA 114 
RFA 107 
RFA 113 
RFA 113 
RFA 112 
RFA 113 
RFA 111 
RFA 109 
RFA 112 
RFA 114 
RFA 106 
RFA 106 
RFA 110 
RFA lo5 
RFA 112 
RFA 112 
RFA 92 
RFA 100 
RFA 111 
RFA 113 

75 00 
49 56 
8333 
22 43 
10000 
41 59 
43 75 
76 99 
24 32 
68 81 
91 96 
5263 
35 85 
3s 79 
7909 
28 SI 
98 21 
86 61 
21 74 
41 00 
62.16 
79 65 

88 23 
18 37 
72 32 
166 

37,655 53 
4 86 
4 79 
7028 
1 40 
12 68 

4,266 21 
6 17 
1S 37 
7 66 
025 W 
2 73 

7.602 21 
132 73 
168 

2972 
836 
15 69 

125 03 
12 98 
22 50 
113 

18,707 96 
333 
4 13 
157 23 
3 01 
17 36 

1,369 f7 
15 04 
34 13 
7 65 
705 81 

188 
1,740 42 
91 06 
164 
34 02 
9 95 
19 83 

361 64 
48 61 
129 39 
429 

81,245 08 
12 63 
14 40 
436 62 
8 41 
53 12 

745660 
41.21 
98 88 
25 49 

2,570 48 
7 11 

11,657 40 
344 89 
550 

108 98 
31 54 
61 88 

UW. 
UGR 
UGlL 
UGlL 
UGlL 
UGIL 
UGL 
UGK 
UGK 
UGlL 
UGlL 
UGK 
UGIL 
UGlL 
UGK 
UWL 
UGIL 
U W L  
UGIL 
UGR 
UGIL 
UGlL 
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Table C-2. Groundwater UTLs by geologic umt for total metals. 

UPPER TOLERANCE LIMITS BY GEOLOGIC UNIT 
GROUNDWATER. TOTAL METALS 

W Y r E  

AUNINUM 
ANTIMONY 
ARSENIC 
BARRlM 

W U M  
CMROMIUM 
mPPER 
moN 
Lw 
LITHIUM 
LUQNESlLlM 
WQANESE  
MOLYBDENUM 
NlCKEL 
POTASSIUM 
SELENIUM 
SlllCON 
SODIUM 
STRONTIUM 
W U M  
TIN 
VANADIUM 
a N C  

ALUMINUM 
ANnMONY 
ARSENIC 
BARIUM 
WCIUM 
CESIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
LITHIUM 
MAGNESIUM 
MANGANESE 
MOLYBDENUM 
NICKEL 
POTASSIUM 
StUCON 
SODIUM 
STRONTIUM 
TIN 
VANADIUM 
W C  

OEMOOlC SAMPLE PERCENT STANDARD 
UNCI S E N  D€TEcfS MEAN DEVIATION 99/99 vn UNITS 

COL 19 
COL 20 
COL 20 
COL 20 
COL 20 
COL 20 
COL 18 
COL 10 
COL 10 
COL 18 
COL 20 
COL 20 
COL 20 
COL 20 
COL 18 
COL 20 
COL 18 
COL 12 
COL 20 
COL 20 
COL 20 
COL 20 
COL 20 
COL 20 

100 00 
3000 
4000 
05.00 
2500 
l a 0 0  
PP 
6S.W 
100.00 
38.80 
1 0 0  
100.00 
woo 
4000 
33.33 
75 00 
60.87 
10000 
100 00 
100 00 
35.00 
a00 
75.00 
05 00 

745.11 
17 74 
1 03 

00.87 
1.07 

459 
9.29 

065.1 1 
2.a 

1 1 7 s  
21.320.00 
946 
2388 
7.25 

2013 25 
15 04 

8.600 75 
101,010 00 

70s 1 
168 
35.35 
16 82 
31 55 

m m w  

7W 02 
052 
185 

86.40 
1.74 

37,854 79 
4m 
11 81 
ma 
4.27 
a 4 9  

11 4n.51 
128 39 
30 19 
6.31 

1 , m  58 
47 11 

2482.31 
68.730 74 

37Q 40 
1 76 

3462 
27 37 
36 14 

I816.32 
54P 
8.24 

3a.a 
864 

24&818 u 
21 88 
5434 

Jaoes2 
19 18 

449 35 
s53Ds 7s 

541 73 
174 05 
3228 

9,m 62 
201 81 

2 0 , ~  64 
364.380 48 
2150 eo 

8 43 
167 m 
121 70 
170 01 

U M  
U M  
U M  
U M  
UWL 
U M  
U M  
U M  
U M  
U M  
UWL 
UWL 
UWL 
U M  
U M  
U M  
U M  
UWL 
UWL 
UGR 
UGR 
UQIL 
UQIL 
ucin 

RFA 66 
RFA 63 
RFA 61 
RFA 66 
RFA 67 
RFA 63 
RFA 64 
RFA 66 
RFA 66 
RFA 66 
RFA 63 

RFA 67 
RFA 67 
RFA 66 
RFA 60 
RFA 66 
RFA 68 
RFA 37 
RFA 67 
RFA 64 

RFA 60 
RFA 66 
RFA 67 

9394 
4286 
27 67 
78 70 
loo00 
nos 
56 25 
21.21 
77.27 
@a40 
71 43 
76 12 
85 52 
w 91 
3382 
40 91 
76 47 
loo 00 
97 01 
78 12 
32.35 
78 70 
a606 

384445 
21 40 
207 
96 13 

3069030 
150 64 
6 21 
8 46 
12.25 

426208 
364 
17 15 

5.050 67 
Do09 
24 80 
13.25 

1.578 46 
1903592 
?.7Q7 16 

125 27 
34 01 
14 87 
4026 

5 057 31 
15 61 
176 

36 76 
17.954 04 

20263 
7 49 
10 30 
13 56 

596069 
3 OS 
10 09 

2.112.67 
113 99 
40 38 
11 32 

11 446 15 

39.20 
3665 
11 21 
67 22 

1 . m  52 

i.ms ZUJ 

19 223 71 
6800 
7 43 

207 02 
032M.W 

768 84 
3099 
39 78 
53 48 

P,Jo9 15 
15 64 
75 19 

11,475 30 
436 73 
147 60 
47 69 

51DIIW 
567n.23 
13.865 12 
2u 47 
145 45 
46 97 
244 60 

UWL 
UWL 
UGR 
UOlL 
UWL 
UGR 
UGR 
UGR 
UGR 
Ucitl. 
UGlL 
UGA. 
UQIL 
UGR 
UGR 
UGlL 
UGlL 

UGR 
UGR 
UOn 
UGR 
UGR 

ucin 
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Table C-2 (cont'). 

UPPER TOLERANCE LIMI?s BY GEOLOGIC UNIT 
GROUNDWATER. TOTAL MFTAtS (CONT3 

ALUIMUM 
AHnMONY 
ARSENIC 
W U M  
CADMIUM 
CALaUM 
CESlUM 
CHROMIUM 
COBALT 
COPPER 
moN 
W 
UlHUJM 
WaNESlUM 
W " E S E  
UERCURY 
MOLYBDENUM 
NICKEL 
POTASSIUM 
SELENIUM 
SILICON 
SODIUM 
STRONTIUM 
W W U M  

VANADIUM 
ZINC 

n)1: 

ALUMINUM 
ANTIMONY 
W I U M  
ULClUM 
CESIUM 
CHROMIUM 
COPPER 
IRON 
LEAD 
m n J M  
MAGNESIUM 
MANGANESE 
MOLYBDENUM 
POTrcSSlUM 
SELENIUM 
SILICON 
SODIUM 
STRONTIUM 
W U M  
TIN 
VANADIUM 
ZINC 

GEOLOQIC SAMPLE PERCENT STANDARD 
UNIT SIZE.N DEKCCS MEAN DMATION D9/99 WL UNITS 

VFA U 
VFA 41 
VFA 41 
VFA U 
M A  U 
VFA U 
VFA 40 
WA 42 
VFA U 
VFA U 
VFA U 
M A  40 
VFA U 
VFA U 
VFA U 
VFA 43 
M A  U 
VFA U 
VFA U 
VFA 42 
M A  23 
VFA 43 
M A  43 
VFA 43 
VFA 42 
VFA 43 
MA 43 

Bra7 
31 71 
31 71 

2s.m 
100 00 
30.00 
~ 0 0  
2033 
81 40 
100.W 

81 40 
07 67 
es.3s 
23.a 
n 91 
44 10 
81 40 
421 
100 00 
10000 
9535 
27 e1 
38 10 
79 07 
100 00 

83JIz t 

n.so 

2ssQs5 
16.5) 
i t0  

1 1 2 n  
l to  

~*0.#172 
14206 
6.08 
873 
l Q U  

2732.50 
aa 
p s 1  

12065.24 
Sz38 
0 12 
18 Bo 
8 41 

l'ns.13 
J 42 

15831 46 
3292990 

374 14 
147 

31 80 
1220 
39 93 

i 4 . m . ~  
47.64 
6.65 

2 1 0 s  
7 . S  

155.44578 
741 Bo 
2am 
3aO 
4000 

17,18%SS 

a229 
5508074 

421 07 
0.26 

133.28 
3065 

4,667 48 
2855 

59 1 w  El 
83.w2.25 
1 . m  07 

6 49 
134 65 
45 52 
130 03 

laor 

LWL 
UWL 
UM 
UWL 
UWL 
UaA 
UWL 
uon 
U M  
uoll 
U M  
UWL 
U M  
uon 
UWL 
UWL 
UWL 
U M  
uoll 
UWL 
UWL 
UGA 
U M  
UGll 
U M  
UGR 
UOR 

WCS 19 
wcs 17 
WCS 19 
WCS 10 
WCS 20 
WCS 19 
WCS 19 
WCS 19 
WCS 1s 
WCS 10 
WCS 19 
WCS 19 
WCS 10 
WCS 19 
WCS 18 
WCS to 
WCS 19 
WCS 10 
WCS 18 
WCS 19 
WCS 19 
WCS 19 

m 47 
47 06 
84 21 
10000 
3500 
36M 
5709 
8s 47 
73 a 
73 a 
loo 00 

42 
42.11 
73 a 
5000 
10Q 00 
10000 
100 00 
27 78 
31 51) 

68 42 
84.21 

1,326 18 
19 09 
113 17 

53731 58 
188 32 
540 
7 15 

1690 19 
2.a 

29 12 
11.521 89 

37 44 
33 49 

1 . m  95 
0 10 

10.474 00 
2755780 

390 47 
1 95 

36 26 
10 57 
25 91 

2.630 79 
10 53 
8605 

13 527 83 
215 25 
402 
4 3 4  

332394 
2.62 
15 01 

3.t9295 
5699 
44 45 
500 67 
19 03 

5,- 37 
9.531 60 
150 51 
1 W  

39 56 
920 
17 e3 

11,58637 
61 58 
370.27 

106,387 86 
1.013 07 

21 06 
24 03 

14 626 42 
1289 
01 18 

26.291 71 
259.20 
206 40 

3 807 76 
8448 

40 715 to 
6465909 

976.33 
9 71 

46 30 
95 69 

im a 

UGA 

U M  
UGR 
UOR 
UWL 
UGR 
U M  
UGR 
UGA 
UGA 
U M  
UOn 
UGR 
UGA 
UGR 
UGR 
UGA 

UOIL 

UGA 

u m  

uon 

uon 
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Table C-2 (cont'). 

4 

ANALYE 

ALUMINUM 
ANTIMONY 
ARSENIC 
M U M  
W U U M  
CEsnJU 
cHRouluM 
COPPER 

LEAI) 
UMlUM 
MAQNESIUM 
MAN OA N E S E 
MERCURY 
MOLYBDENUM 
NICKEL 
POlsstUM 
SELENIUM 
SILJCON 
SODIUM 
STRONTIUM 
W U M  
TIN 
VANADIUM 
ZINC 

moN 

QEOLOOIC W P L E  PERCENT STANDARD 
UNIT SmE. N Dt3ECTS MEAN DEVIATION 89/99 Vn UNITS 

KAR 37 
KAR 35 
KhR ss 
KAR 36 
KAR 37 
KAR ss 
KAR w 
KAR w 
KAR 37 
KAA 36 
KAR 37 
KAR 37 
KAR 37 
KAR 37 
KAR 36 
KAR 3s 
KAR 37 
KAR 36 
KAR 20 
KAR 37 
KAR 37 
KAR w 
KAR 37 
KAR a6 
KAR Jo 

01 89 
31 u 
54s 
M 11 
100.00 
a 7 1  
38.m 
61 11 

61 11 

e459 

mas 
4 ? P  
34.20 
88 19 
3333 
100 00 
100 00 
87 30 
2770 
29 73 
8944 
97 22 

m m  

mm 

m 40 

1,791 87 
lU2 
276 

3838243 
131s 
5.25 
llW 

-92 

44.69 
6,670 48 
61 87 
0 13 
18 58 
8 70 

2084838 
119 

8.42730 
13n228 38 

599 78 
1 40 
27 46 
10 43 
5245 

i i w s  

ate 

em43 
10 40 
a02 
51 .@7 

23.881 47 
17S.W 
4 61 
21 82 

3.m 44 
4.20 
a29 

5,0541)l 
125.21 

33 45 
725 

1.725.a 
0.63 

6,631 12 
134.404 33 
312.58 
150 
31 18 
11.28 
51 31 

aos 

10,037 17 
5028 
9 51 

286.27 
Ira130 7s 
71S.e 
m54 
M.34 

14.432.11 
18 06 
137.28 

23s840 
474 75 
0.28 
129 46 
32.1 

3.27 
34,035 00 
S82.4a16 

1,430 50 
6.36 
130 28 
47 75 
a 5 6  

e . ~  n 

UWL 
U M  
U M  
UolL 
UWL 
U M  
U M  
UM 
U M  
WM 
U M  
UWL 
UWL 
U M  
UOn 
U M  
U M  
UWL 
UWL 
U M  
UGK 
UWL 
UGK 
UGn 
UWL 
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i Table C-3. Groundwater UTLs by geologic utllt for dissolved radionuclides. 

UPPER TOLERANCE LIMITS BY GEOLOGIC UNIT 

ANALYE 

CESIUM-137 
GROSSALPHA 
QROSS B R A  
RADIUM-226 
FUDIUMa8 
sTRoNnuLMo.00 
TRITIUM 
UR4NlUM-233234 
URlrNIUM-235 
UmNlUM-23o 

CESIUM-137 
GROSS ALPHA 
GROSS B R A  
RADIUM-PB 
RADIUM Z!O 
STRONTIUMdO Do 
TRITIUM 
URANIUM.W.234 
URANIUM 235 
URANIUM 238 

CESIUM137 
GROSS ALPHA 
GROSS SETA 
RADIUM 226 
sTRoNlluMbo,oo 
TRITIUM 
URANIUM 235,234 
URANIUM 235 
URANIUM-238 

CESIUM-137 
GROSSALPHA 
GROSS BETA 
RADIUM Z!8 
STRONTIUU4O w 
TRITIUM 
UlUNlUM 233 234 
URANIUM 235 
URANIUM 238 

.. DEOLDOIC WPLE PERCENT STANMRD 
LINK s m k  D ~ C T S  MEAN DEVIATION VTL 99\99 ;NITS 

COL 
COL 
COL 
COL 
COL 
COL 
COL 
COL 
COL 

2 
30 
27 
1s 
23 
31 
30 
30 
24 

l a 0 0  
10000 
100 00 
100 00 
100.00 
100 00 
100 00 
100 00 
100#) 

0 s  
41.31 
77 51 

0.2s 
76 12 
31 82 

1070 

a21 

aw 

0 42 
78 7s 
29 I7 
0 10 
0.24 

109 42 
5644 
1sO 

42.13 

70 73 
312.1 

OM 
113 

45048 
p634 

S a  
la0 03 

123.04 

RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 

15 
82 
76 
2 
2 

81 
63 
78 
70 
69 

100 00 
10000 
10000 
100 00 
10000 
10000 
100 00 
10000 
10000 
100 00 

0.27 
0 8  
1 W  
0 17 
220 
0.27 

1 0  03 
0.23 
005 
0 14 

029 
OW 
152 
004 
0 42 
023 

a 3  01 
0 21 
007 
0 14 

1 48 
302 
62a 
7 e1 

OW 
84120 
OM 
0 23 
O S 6  

m os 

M A  
VFA 
VFA 
VFA 
VFA 
VFA 
M A  
VFA 
M A  
M A  

17 
00 
55 
13 
4 

59 
42 
60 
€a 
49 

100 00 
100 00 
10000 
10000 
10000 
10000 
10000 
100 00 
100 00 
loo 00 

058 
293 
3.20 
0 31 
206 
0 49 

115 00 
2 os 
000 
166 

0 71 
3 17 
1 69 
0 11 
062 
038 
137 64 

0 12 
230 

2n 

3 43 
12 01 
854 
0 81 
9 76 
168 

549 26 
10 80 
0 47 
8 9 2  

WCS 
WCS 
wcs 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 

4 
41 
38 
6 
17 
2s 
Jo 
39 
35 

100 00 
10000 
100 00 
100 00 
100 00 
10000 
10000 
100 00 
100 00 

0 32 
7 70 
4 85 
0 32 
0 24 

-23 42 
859 
020 
354 

020 
5 95 
3 2  
006 
0 24 

118 54 
21 w 
0 51 
3 19 

286 
26 47 
15 41 
0 78 
121 

38830 
n33 
188 

14 17 

KAR 
KAR 
KAR 
KAR 
KAR 
U 4 R  
U4R 
UAR 
KAR 

4 
60 
54 
2 

42 
40 
57 
57 
54 

1m 00 
100 00 
10000 
100 00 
10000 
100 00 
loo 00 
10000 
10000 

OP 
3 13 
3 23 
1 72 
0 47 
saw 
164 
003 
077 

030 
6 24 
264 
1 78 
119 
135 94 
2 05 
006 
153 

392 
22 81 
12.19 

331 75 
4.21 

485 n 
10 63 
0 23 
558 

' -:@I 4 a<.. . . t 
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ANALYE 

AMERICIUh4-241 
CESIUM1 37 
O R a A L P H A  
QROSS BETA 
PuTToNlUM.239240 
slRomuh#Q,9o 
TRmUM 
URANIUM233234 
URANIUMW 
URANIUM238 

AMERICIUM241 
CESIUM137 
GROSS ALPHA 
GROSS BETA 
PLUTONIUM238 
PLUTONIUM239,240 
STRONTlUM69,QO 
mmuM 
URANIUM-233 234 
URANIUM 235 
URANIUM-238 

AMERICIUM-24 1 
CESIUM-137 
GROSS ALPHA 
GROSS BETA 

PLUTONIUM-239,240 
STRONnUM89,90 
TRITIUM 
URANIUM-233,234 
URANIUM-235 

PLUTONIUM-238 

URANIUM-238 

BEOLOOIC SAMPLE PERCEKF S&NDAR~ 
U N P  SEE4 DETECTS MEAN** DEVlATlON msS/@W UNITS 

COL 25 10000 000 000 0 01 PClR 
COL 23 10000 0 18  0 35 1 49 P W  
COL 6 10000 150 35 142 75 1.19738 pCln 
COL 6 10000 81 55 85.25 70679 pCJL 
COL 26 10000 0 01 0 01 004 PCJL 
COL 7 10000 0.26 0 11 0 e5 PCVL 
COL 17 1 0 0 0 0  201 1 5  193 39 08182 PCUL 
COL 8 10000 58 74 6680 44699 pan' 
COL 8 10000 2 1  4 239 16 03 PWL 
COL 6 10000 3604 4648 37602 pwL 

RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 

82 
75 
5 
5 
7 

85 
13 
21 
12 
12 
11 

10000 
10000 
10000 
10000 
10000 
1 0 0 0 0  
10000 
10000 
10000 
10003 
100w 

0 01 
006 
1 89 
2 25 
000 
000 
0 11 

226 72 
0 48 
0 12 
0 40  

0 01 
033 
1.28 
1 4 8  
000 
000 
0 21 

307 18 
0 45 
0 20 
O x )  

0 03 
1 0 9  

1 3  30 
15 45 
0 01 
0 01 
104 

1.386 8 3  
2 58 
1 05 
2 83 

PCJL 
P C K  
PCJL 
PCJL 
pCiK 
PCl'L 
PCllL 
PCln 
PCI'L 
pWL 
PCJL 

VFA 
VFA 
VFA 
MA 
VFA 
VFA 
MA 
VFA 
VFA 
VFA 
VFA 

56 
44 
7 
7 
6 

62 
8 

27 
7 
7 
2 

10000 
1oow 
1 0 0 0 0  
1 0 0 0 0  
1 0 0 0 0  
10000 
10000 
10000 
1 0 0 0 0  
1 0 0 0 0  
1 0 0 0 0  

0 01 
0 10 
3 66 
4 5 4  
0 01 
0 01 
0 43 

142 98 
1 5 8  
0 10 
1.23 

0 01 
0 30 
206 
2 83  
0 01 
064 
0 37 

183 32 
1 0 0  
0 10 
1 20 

0 05  
1 05 
16 84 
2266 
009 
0 12 
256 

779 97 
8 01 
0 75 

223 18 

pCiK 
PCJL 
PCI'L 
PClR 
pCdL 
pCdL 
PCLL 
pCIl'L 
pCdL 
p c l n  
pCllL 
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1 Table C-4 (cont') 

4c y .  A t  ..;. 
.) . e b *  

AMERICIUM-241 
CEStlJh4.137 
QROSSALPHA 
GROSS BETA 
pLuroN1uM23o,240 
M U M 2 2 6  
STRONWM4JQ.QO 
TWMIM 
URANIUM-233rn 
URANIUM235 
URIuJIUh4.238 

WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 

20 
14 
5 
5 

21 
4 
4 

19 
8 
8 
3 

10000 
10000 
100 00 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 

0 01 
0.28 
1265 
8.27 
000 
0.36 
0.05 

2128 76 
7 49 
028 
5 11 

0 01 
036 
12 46 
5 11 
000 
0 15 
0.28 

8,W 88 
630 
0.26 
4.96 

0 07 
186 

124 04 
53 95 
002 
219 
32s 

38,918 91 
44 13 
181 

12365 

AMERICIUM-241 
CESIUM1 37 
QROSSALPHA 
GROSS BETA 
PLUTONIUM238 
PLUTONIUM-239.240 
RADIUNP6 
momuMB9.go  
TRITIUM 
URANIUM-233.234 
URANIUM 235 
URANIUM-238 

KAR 
KAR 
KAR 
KAF4 
KAR 
KAR 
KAR 
KAR 
KAR 
KAR 
KAR 
KAR 

43 
99 
6 
6 
5 

48 
3 
4 

16 
4 
4 
2 

10000 
10000 
10000 
10000 
10000 
10000 
10000 

10000 
10000 
la000 
10000 

10000 

0 01 
000 
11 011 
12 01 
0 01 
000 
0 59 
0 10 
62 93 
OT7 
0 03 
0 35 

002 
O S  
16 63 
13 45 
0 01 
0 01 
0 45 
026 

367 23 
057 
002 
026 

0 07 
096 

13308 
110 67 
0 14 
0 02 
11 30 
334 

1,sn 10 
7 79 
0 27 
48 13 

c . .  .. 
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Table C-5. Groundwater UTL.F by geologic unit for water-quallty parameters 

. . . .  . . -  
a* e.*, *:'ears . 

* a  ** . 
I * : IQEOLOOIC SAMPLk PERCENT STANDARD- I 
WYIE . 
" .I** 

BICARBONATE 
CHLORlDE 
FLUORIDE 
NlTRA7EMTRfE 
ORTHOPHOSPHATE 
PHOSPHORUS 
WUCA 
SULFATE 
TQTAL OlSSOLVEO SOUDS 
foTAL SUSPENDED SOUD! 

UNIT -SIZE, N 

COL !E 
COL 42 
COL 51 
COL 56 
COL 27 
COL 10 
COL U 
COL 48 
COL 52 
COL 52 

* * -  
DmCTS 

10000 
10000 
100.00 
6429 
48 15 
4000 
100 00 
10000 
10000 
67.31 

MEAN 
. *  .* 
395,871 94 
18,114.29 
1,053 73 
1,603 75 
11 83 
30.50 

12037.35 
215.586 67 
687- TI 
18v09B 46 

DEVlATlON 
* ?  
175,851 17 
10.104.20 

536 87 
3,70064 

7.48 
a08 

6,549 80 
264,om 47 
409,401 70 
24.207 00 

@D/m m - C. or * e  
948,88239 
49,993 05 
2,747 58 
1335928 

3834 
181 38 

32,701 34 
l,oSlv5M) 04 
1,078,893 12 
94,411.55 

UNITS 

UWL 
UOA 
UWL 
UWL 
UWL 
UOR 
UWL 
W L  
UWL 
MAW 

BICARBONATE 
CHLORIDE 
FLUORIDE 
NrnTEINITRITE 
NmME 
ORTHOPHOSPHATE 
PHOSPHORUS 
STUCA 
SULFATE 
TOTAL DISSOLVED SOUDS 
TOTAL SUSPENDED SOU0 

RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 

114 
95 
101) 
115 
23 
81 
22 
1 05 
103 
115 
111 

10000 
91 58 
9630 
97.39 
4348 
56 79 
68 18 
10000 
ma3 
10000 
86 49 

114,85908 

30639 
1,44826 
33 13 
14 44 
44 27 

15,873 61 
22,984 47 
189,817 39 
182,664 68 

0,707 47 
56,766 87 
13.53826 

765 26 
5344 
1292 
4s 43 

8.274 40 
19,440 47 
04,386 90 
334207 01 

m 8s 

247,125 88 
40,251 63 
518 06 
3,231 31 
229 87 
53 73 
228 !jo 

35,152 Q7 
67.680 75 
409,738 87 
961,387 02 

UWL 
UWL 
UWL 
UOR 
UOn 
UOn 
UWL 
UWL 
UWL 
U a h  
UGR 

I 

I I BICARBONATE 
CHLORIDE 
CYANIDE 
FLUORIDE 
NmV\fE/NrlRm 
NITRITE 
ORTHOPHOSPHATE 
PHOSPHORUS 
SILICA 
SULFATE 
TOTAL DISSOLVED SOUDS 
TOTAL SUSPENDED SOUD 

*A 
VFA 
VFA 
M A  
M A  
VFA 
M A  
M A  
M A  
M A  
M A  
M A  

78 10000 
67 9701 
21 2857 
76 9737 
72 6528 
12 2500 
54 5556 
15 4667 
76 10000 
69 10000 
76 10000 
72 8889 

242,462 09 
16,061 19 
9 39 

535 27 
202 08 
19 17 
17 82 
44 67 

15,164 53 
54,486 96 

334,744 54 
9072764 

116,731 17 
12,727 88 

5 70 
186 31 
257.28 
15 05 
27 W 
42 49 

8,599 63 
74,995.26 
167,754 49 
141.259 37 

597,441 57 
54,766 69 

30 92 
1,071 62 
984 46 
8890 
103 13 
224 I O  

41 315 99 
202,547 55 
844.885 94 
520297 38 

UWL 
UGJL 
UGL 
UGR 
UGL 
UGL 
UGL 
UGR 
UGL 
UGR 
UGR 
UOR 
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1 
I Table C-5 (cont') I 

BICARBONATE 
CHLORIDE 
CYANIDE 
FLUORIDE 
NmUTUNmUTE 
N m  
ORTHOPHOSPHATE 
PHOSPHORUS 
SlUCA 
SULFATE 
TOTAL OlSSOLvED SOLIDS 
TOTAL SUSPENDED SOLID 

WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 

67 
53 
7 

65 
62 
11 
29 
9 

49 
58 
67 
6s 

100w 
6302 
28.57 
9846 
07 10 
6364 
4403 
6667 
100 00 
10000 
10000 
6970 

#5,472 87 
9,094 34 

I 10 00 
m36B 
715 40 
2882 
14.48 
28 89 

10,444 94 
131,-62 
405,940 30 
187,930 39 

134,489 go 
1123061 

7 07 
59509 

1,067 15 
2752 
11.52 
31 a0 

6,489.24 
241,197 17 
375,873 03 
787,142 93 

664.456 c2 
44,526 93 

5534 
2.703 37 
3,964 61 

161 71 

197.58 
30.878 48 
891.985 69 

1,546,972 91 
zsS1,641 05 

mso 

UOR 
UGR 
UWL 
UGR 
UWL 
UWL 
U5R 
u5/L 
U W L  
UaR 
UWL 
UWL 

ALKWNTTY AS cACO3 
BICARBONATE 
CARBONATE 
CHLORIDE 
FLUORIDE 
NFFRAmmrrE 
NITRITE 
ORTHOPHOSPHATE 
PHOSPHORUS 
SIUCA 
SULFATE 
TOTAL DISSOLVED SOLIDS 
TOTAL SOLIDS 
TOTAL SUSPENDED SOLID: 

KAR 
KAR 
K4R 
K4R 
K4R 
KAR 
KAR 
K4R 
KAR 
KAR 
K4R 
KAR 
KAR 
K4R 

3 10000 
93 10000 
92 2826 
79 06.20 
82 9783 
90 7889 
16 5625 
54 61 11 
14 6429 
83 10000 
82 9512 
94 10000 
5 Bo00 

88 n.27 

305,166 67 
233,546 17 
3,318 f7 

100205 95 
949 35 
861 .a 
190 62 
18 46 
173 57 

8,07725 
123,943 90 
545.138 30 
31 8.240 00 
403.085.23 

160,234 46 
102$8090 
424524 

128.066 02 
465 34 
945 96 
295 19 
10 16 

264 99 
5,808 92 

250,872 10 
445290 59 
356,657 B8 
727.972 80 

4,134,059 44 
473,491 07 
13,210 17 

489,654 73 
2,033 58 
3,737 87 
1.407 78 

50 52 
1,322 89 

25 742 17 
886,845 95 

1,582,665 38 
3,506,414 55 
2.61 6,850 51 

UG/L 
U o h  
UGR 
UGR 
UGR 
UGR 
UWL 
UGlL 
UGR 
UGlL 
UGIL 
UGJL 
UGR 
UGR 
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I Table C-6. Groundwater UTLs by flow-system for dissolved metals 

. *  

UPPER TOLERANCE LIMITS BY FLOW-SYSTEM 

. .  
ANum 

UmlrlO MUMIN# ** :' 
ARSENIC 
M U M  
CADMIUM 
CALCIUM 
CESIUM 
CHROMIUM 
COPPER 
IRON 
LEAD 
UTHlUM 
MACINESJUM 
MAN OA N E S E 
MOLYBDENUI 
NICKEL 
PHOSPHORUS 
POTASSIUM 
SELENIUM 
SILVER 
SODIUM 
STRONTluM 
THALLIUM 
TIN 
VANADIUM 
ZINC 

ALUMINUM 
ANTIMONY 
M U M  
CADMIUM 
CALCIUM 
CESIUM 
CHROMIUM 
COPFER 
CYANIDE 
IRON 
LEA0 
LITHIUM 
MAONESIUM 
M A N W N E S E  
MOLYBDENUM 
NICKEL 
PHOSPHORUS 
POTASSIUM 
SELENIUM 
SILVER 
SODIUM 
STRONTIUM 
T M U J U M  
TIN 
VANADIUM 
ZINC 

LOWER 5D 
LOWER 66 
LOWER 62 
LOWER 67 
LOWER 54 
LWER 8s 
LOWER 65 
10Hrm 67 
LOWER 64 
LOWER 66 
LOWER 67 
LOWER 67 
L W E R  64 
LOWER 6s 
LOWER 4 
LOWER 67 
LOWER 54 
LOWER 59 
LOWER 67 
LOWER 66 
LOWER 56 
LOWER 65 
LOWER 65 
LOWER 67 

49 15 
a636 
as 
10000 
a63 
26 95 
2760 
to 10 
20.31 
81 82 
97 01 
71 64 
S3 13 
am 
10000 
89 5s 
a63 
28 81 
100 00 
10000 
21 43 
4000 
5692 
03.56 

241 
84 18 
1 76 

34.w.82 
160.88 
3 07 
4 17 

S3 67 

3853 
6,07216 

9.20 
16 W 
5 81 

174 75 
8731 18 

1 3 4  
2.u 

142012.W 
3m02 
rn 

23 07 
6 71 
10 e6 

im 

1 70 
21 79 
133 

aU2n 
179 94 
3.15 
383 
3532 
527 

2784 
4,067.56 

724 
27 01 
6.26 
a565 

1.61239 
109 
201 

135 521 56 
m27 
1 87 

25 30 
760 
10.20 

7 n  
150 u 
500 

106,158 84 
72858 
13 5s 
15 02 

141 06 
17 83 
123 21 

18,Ul63 
31 51 
9900 
24 86 

123568 
7,634 46 

4 78 
O O J  

554.133 75 
127790 

762 
100 01 
a 81 
41 99 

UGA 
U W L  
U W  

UWL 
U O R  
U W L  
UWL 
UWL 
U W L  
U M  
U M  
UWL 
UWL 
UOR 
U G A  
U W L  
U O R  
UGA 
UWL 
U G A  

U W L  
U O n  

uon 

ucln 

UPPER 246 
UPPER 248 
UPPER 256 
UPPER 240 
UPPER 256 
UPPER 21 1 
UPPER 250 
UPPER 248 
UPPER 3 
UPPER 255 
UPPER 251 
UPPER 250 
UPPER 253 
UPPER 255 
UPPER 241 
UPPER 238 
UPPER 8 
UPPER 252 
UPPER 219 
UPPER 235 
UPPER 254 
UPPER 252 
UPPER 212 
UPPER 235 
UPPER 249 
UPPER 2 m  

nac 
48 39 
8359 
22.08 
100 00 
21 33 
3600 
39 11 
3333 
76 47 
23 90 
75 20 
95 6s 
60 71) 
31 34 
3263 
10000 

31 96 
28 51 

e2.M 
22 17 
4ZQ8 
6466 
80 47 

at 7s 

m 21 

59 52 
17 34 
83 42 
1 73 

55 414 55 
20220 
464 
5 01 
583 
5626 
1 59 

33 95 
10 0 s  28 

27 47 
19 64 
7 01 

167 00 
1.371 50 

558 
2 M  

32,012 98 
323 60 

164 
3096 
7 92 
14 03 

67 29 
11 10 
3456 
126 

32564 11 
285 69 
360 
4 42 
3 82 

113 44 
4 71 
5430 

a m 4 0  
67 43 
3384 
7 18 
52 43 

1 ob001 
19 07 
212 

43 667 67 
303 58 

163 
37 34 
8 73 
17 67 

262 01 
43 20 
163 94 

4 6 6  
131 288 91 

867 87 
13 69 
15 32 
97 09 

320 57 
12 57 
160 47 

29,399 19 
104 57 
OB 73 
23 73 
471 74 

3,b6230 
5002 
7 79 

133 758 65 
103095 

5 u  
117 w 
28 26 
55 66 

UGlL 
UGtL 
UGR 
UGlL 
U O n  
UGlL 
UGlL 
UG/L 
U O R  
U O n  
UGlL 
UGlL 
uon 
u G n  
UGlL 
UGlL 
UGlL 
UGIL 
UGlL 
UWL 
UGlL 
UGlL 

U G R  
UGIL 
UG/L 

uon 
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1 Table C-7. Groundwater UTLs by flow-system for total metals 

*. .i.W : +  

. 
WALYrE 
.*e. * 
AUMINU'M 
ANTIMONY 
ARSENIC 
M U M  
CALCIUM 
C E S U M  
CHROMIUM 
COPPER 
IRON 
LEAD 
UTHntM 
LUQNESIUM 
IUNWESE 
MERCURY 
MOLY8DENUM 
NICKEL 
POTASSIUM 
SELENIUM 
slllcofl 
SODIUM 
STRONTIUM 
THALLIUM 
TIN 
VANADIUM 
ZINC 

? 

ALUMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
CMCIUM 
CESIUM 
CHROMIUM 
COPPER 
IRON 
LEAD 
LITHIUM 
MAGNESIUM 
LUNGANESE 
MERCURY 
MOLYBDENUM 
NICKEL 
POTASSIUM 
SELENIUM 
SILICON 
SODIUM 
STRONTIUM 
W U M  
TIN 
VAHLSIUM 
ZINC 

FLOW- 
SYSTEM 

LQWER 
LOWER 
LOWER 
LOWER 
LWER 
L W E R  
LOWER 
LOWER 
LWER  
LOWER 
LOWER 
LOWER 
LOWER 
LOWER 
L w m  
LOWER 
LOWER 
LOWER 
LOWER 
LOWER 
LWER 
LWER 
L M R  
LOWER 
LOWER 

SAMPLE% PERCENT 
SIZE N DETFCIS 

* '57 e a &so' 
35 31 43 
35 54.29 
36 a11 
SI 100.00 
35 25.71 
36 Jam 
36 81 11 
37 as0 
36 81 11 
37 11649 
37 M S  
37 w 49 
37 no3 
38 47.a 
35 34.20 
37 89 19 
36 3333 
20 100 00 
37 10000 
37 07.30 
36 2778 
37 29 73 
36 69 U 
36 97 P 

sriNDAR0 
MEAN .DEVIATION 99/99 m UNITS 

r *  
1.?@187 2.77;s .*lO.d? 17 ** UtiA*' 

15 62 10 40 so28 U W l  
276 202 0 51 UGA 

11s.95 S l a t  m6.n OWL 
3d=u 23.sel47 115,130 79 U M  

131 59 175 16 715 62 UWL 
s.25 4 a1 2054 U M  

11.m 21 82 8434 U M  
12sooz 5,807 u 14,432.11 U M  

I D 2  4.2s 18 06 UOR 
4060 2929 137.26 UWL 

dm46 5,050 01 23.268 40 UWL 
81 87 12521 474 75 U M  
0 13 005 0 28 UOR 

10.59 33 45 120 48 U M  
8 70 72s 52 00 U M  

2- 1.725.6D 8.535.77 UWL 
110 063 3.27 UWL 

9.427 50 6.631 12 34.635 00 UWL 
1s PA30 134,404 33 S82.42216 UWL 

399 78 31258 1.00 50 UWL 
1 40 150 636 U M  

27 46 31 18 130 28 uon 
10 43 11 28 47 75 uan 
5245 51 31 22256 UGIL 

UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 

147 B5.24 
141 3830 
138 26.26 
148 81 76 
140 100 00 
142 24 65 
143 47 55 
148 74 32 
147 97 96 
140 6929 
149 78 52 
149 97 32 
146 ma6 
la 20 27 
150 3400 
145 37.24 
150 7733 
1 u  3056 
82 100 00 

144 89 04 
146 23 07 

148 n m  
149 91 95 

140 m6s 

140 am 

2742 80 
10 19 
1 05 

102 44 
55.050 23 

1% 42 
7 01 

10 67 
3.017 34 

326 
33 75 

10.515 64 
79 59 
0 12 

24 09 
10 !s 

1.731 21 
4 57 

15 564 07 
30w1 w 

312 61 
1 67 

33M 
13 81 
37 16 

4.248 73 
12 as 
171 

45 37 
31 667 78 

im 79 
668 
1221 

4-50 
364 

40 76 
7,956 43 

106 18 
004 

59 47 
0 49 

1.176.59 
18 64 

10,797 33 
40,019 71 

271 09 
1 76 

3533 
14 09 
49 80 

12 642 33 
49 14 
5 03 

208 14 

617 60 
Pso 
30 12 

14 654 53 
11 75 

147 37 
20 654 11 

331 64 
022 

116 04 
32 68 

4 47265 
47 Po 

48 3% 65 
123.327 78 

044 25 
577 

116 20 
46 64 

153 21 

128 816 15 

UGk 
UWL 
UOR 
UWL 
UWL 
UOR 
UWL 
UGR 
UGIL 

UWL 
UGR 
U c i n  
O M  
UWL 
UG/L 
UCCR 

UGA 
UGR 
UOR 
UQ/L 
UWL 
UWL 
UWL 

uon 

uon 
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Table C-8. Groundwater UTLs by flow-system for dissolved radionuclides 

n .e,.' 

UPPER TOLERANCE LIMITS BY FLOW-SYSTEM 
GROUNDWATER, DISSOLVED RADIONUCUDES 

UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 

2 
s 

213 

a6 
6 

180 
165 
207 
207 
177 

im 

100 00 
10400 
100.00 
100.00 
100.00 
100 00 
10000 
10000 
10000 
100 00 
100 OQ 

0 01 
0 42 
8.35 
48B 
0.26 
212 
034 

101 10 
6 91 
0.20 
4 8 3  

0 01 
053 
JTJZ 
1229 
0.1 1 
OS2 
0 31 

100 so 
2544 
OW 
17 67 

211 
214 
03.86 
3 7 s  
0 0  
5.94 
1 W  

578 19 
74 P 
188 

51 60 

Table C-9. Groundwater UTLs by flow-system for total radionuclides 

GROUNDWATER 
TOTAL RADIONUCLIDE 

ANALYE 

AMERICIUM 241 
CESIUM 137 
GROSS ALPHA 
GROSS BETA 
PLUTONIUM 238 
PLUTONIUM-239.240 
RADIUM 2!6 
sTRoNnuM6s.00 

URANIUM 233 234 
UFUNIUM 235 
URANIUM-23a 

mmuM 

AMERICIUM-241 
CESIUM 137 
GROSS ALPHA 
GROSS BETA 
PLUTONIUM 230 
PLUTONIUM 239 240 
RADIUM-P(I 
sTRoNTIUM69~ 
TRmuy 
IJWNIUM 233 234 
URANIUM 235 
URANIUM 238 

FLOW SAMPLE PERCENT STANDARD 
SYSTEM SIZE N DETECTS MEAN DNUTION UTL 99/99 

LOWER 
LOWER 
LOWER 
LOWER 
LOWER 
LOWER 
LOWER 
LOWER 
LOWER 
LOWER 
LOWER 
LOWER 

43 
39 
6 
6 
5 

48 
3 
4 

16 
4 
4 
2 

10000 
100.00 
10300 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 

0 01 
000 
11 w 
12.01 
0 01 
000 
0 59 
0 10 
6293 

ow 
035 

on 

0 02 
029 
16 63 
13 45 
0 01 
0 01 
0 45 
026 

367 23 
0 57 
002 
0.28 

0 07 

133 w 
110 67 
0 14 
002 
11 30 
354 

1 , m  10 
7 79 
0 27 
48 13 

om 

UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 

lB3 
156 
23 
23 
15 

101 
6 

32 
W 
35 
35 
P 

10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
100 00 
10000 
10000 
10000 

0 01 
0 12 
4350 
24 95 
OW 
000 
036 
OP 

624 w 
15 62 
062 
10 111 

0 01 
033 
94 26 
5334 
0 01 
002 
0 13 
028 

4.246 75 
36 75 
130 

27 73 

ow 
100 
390s 
Z?l 31 
003 
008  

129 
115 

13,539Z 
144 W 
5 23 

114 17 
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I Table C- 10 Groundwater UTLs by flow-system for water-quallty parameters 

4NALME 

&&r\s-&a 
BICARBONATE 
URBONATE 
CHLORIDE 
FLUORIDE 
NmUTVNlTFi~ 
Nm\m 
ORMOPHOSPWTE 
PHOSPHORUS 
SILICA 
SULFATE 
TOTAL DISSOLVED SOLIDS 
TOTAL SOLIDS 
TOTAL SUSPENDED SOUDS 

AU(AUNITYAS CACO3 
BIGAREONATE 
CHLORIDE 
FLUORIDE 
NITWTEMTRITE 
NITRE 
ORTHOPHOSPHATE 
PH 
PHOSPHORUS 
SILICA 
SULFATE 
TOTAL DISSOLVED SOLIDS 
TOTAL SOLIDS 
TOTAL SUSPENDED SOLIDS 

FLW:  SAMPLE 'PERCENT STi?iDAFD e .  

? L M  * 3 ' C l &  * -*305%6eC7* rsbsc44i **,l3GWw,. ewJIclb 

S m E M  'SDE N D m C T S  MEAN , . ..DIMATION . 9 8 / 9 9  m 'UNm ' 

LOWER 03 10000 23S54617 1 0 2 W W  473 401 87 UWL 
L W E R  e2 2826 3.318 n 4.245 24 13,210 17 UGR 
LOWER lo w20 1 m m S w  128m6.02 -654'13 UWL 
LOWER e2 s7m 949 3s 485% 2033% U M  
LOWER w nso W l P  ouw 3.737 87 UWL 
LOWER 16 56.25 190 62 295 10 3.407 n UOR 
L M R  54 6111 18 46 10 16 sou U M  
LOWER 14 64.20 17357 m m  i U M  
LOWER 63 10000 8.onls AeMOz 25,74217 U M  
LaWER 02 9512 123343 90 250.872.10 886,845 95 UCM 
L W E R  04 100.00 515138.50 445loo58 l.se2665.30 UQlL 
L M R  5 1 0 0  ~ i a , z w o  ssmxir m 3,506,414 55 UOR 
LOWER eo nzr 403.Ms.23 727072.60 2616,850 51 U M  

UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 

3 
31 1 
257 
300 
305 
54 

191 
3 

56 
274 
278 
310 

4 
301 

100 00 
100 w 
92 61 
97 67 
81 64 
37 04 
53 40 
100 m 
57 14 
10000 
9964 
10000 
7500 
Bo 07 

156W000 
Pj.607 oa 
12241 67 

611 07 
1.048 34 

2704 
15 05 
7 17 
39 45 

14 M2 92 
M 570 14 

355 495 u 
24 025 00 
133 3% 64 

158,643 41 
151,717 58 
12030 51 

472.04 
1.807 66 

51125 
17 47 
046 

41 60 

174 613 96 
312 010 29 
36 78s 98 
429.323 M 

8 07s m 

J w7.m SJ 
577,jOo 04 
42.m 76 
1,710 92 
526065 

148 61 
55 76 
18.20 
170 70 

32 899 91 
493 220 67 

1 082 479 41 
479 752 89 

1,133 721 25 

UOR 
U M  
U M  
UWL 

UGR 
UGN 
UWL 
UGR 
UG'L 
UGIL 
UG/L 
UGlL 
UGN 

uon 
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Table C-11 Geologic matenal UTLs by geologic umt for total metals 

A N A h ' E  . * 

I .  I ?  ..e : : . a  
~UMINUM 
ARSENIC 
8ARlUM 
B E W U M  
CADMIUM 
CALCIUM 
CESIUM 
CHROMIUM 
COBALT 
COPPER 
fRON 
LEAD 
LITHIUM 
MAGNESIUM 
MANQANESE 
MERCURY 
NICKEL 
POTASSIUM 
SELENIUM 
SILVER 
STRONTIUM 
TIN 
VANADIUM 
ZINC 

ALUMINUM 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
CALCIUM 
CESIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEA0 
LITHIUM 
MAGNESIUM 
MANQANESE 
MERCURY 
NICKEL 
POTASSIUM 
SILVER 
STRONTIUM 
VANADIUM 
ZlNC 

COL 28 
COL 28 
COL 28 
COL 26 
COL a 
COL 24 
COL 28 
COL 28 
COL 28 
COL 28 
COL 28 
COL 28 
COL 28 
COL 28 
COL 27 
COL 28 
COL 28 
COL 27 
COL 10 
COL 28 
COL 23 
COL 28 
COL 28 

OS 71 
100 00 
w 43 
5760 
100 00 
75.00 
100 00 
2500 
w o  
10000 
10000 
28 ti7 
7a 57 

2222 
02.86 
35 71 

4211 
85 71 
2609 
10000 
1oow 

loo 00 

3 s  
133.20 
5 47 
OW 

9,082.14 
20624 
13 79 
8.11 
14 67 

15,028 07 
16.23 
852 

2.087 32 
191 87 
0 18 
16 97 
OTO 61 
OW 
&as 
5591 
87 36 
30 31 
56 13 

174 
9405 
5 47 
0 42 

6 . W  14 
56.1 
SO6 
3 87 
548 

6.715 ZS 
462 
756 

160 26 
020 
8.28 

721 36 
0 65 
0 46 

27 04 
147 51 
12 23 
21 92 

1 . m  90 

965 
462.57 
24 62 
2.35 

31 38650 
413.26 
34 31 

m 87 
3b.w 51 

5240 
3499 

8,513 05 
753 10 
OM 

45 07 
3,505 78 

3 15 
4268 
150 63 
630 37 
73 15 
132 87 

i o  a6 

MWKG 
MGKG 
MWKG 
MGKG 
MGlKG 
MWKO 
MGKQ 
MWKCI 
MGKG 
MWKO 
MGKG 
MQKQ 
MGKG 
MWUG 
MGKG 
MWKG 
MGMQ 
MWKG 
MWMG 
MGlKG 
MGlKG 
MG/KG 
MGMG 

RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 

62 10000 
62 6935 
62 6387 
62 8710 
46 4783 
62 8226 
62 7581 
62 10000 
62 3548 
62 8710 
62 10000 
62 10000 
62 596a 
62 5806 
62 10000 
54 4259 
59 OS14 
61 2787 
55 3091 
62 3065 

61 0344 
e2 wn 

13 565 95 
4 15 

04 46 
4 65 
OM 

6 676 41 
24209 
Po8 
8 76 

11 60 
14.347 10 

DO5 
14 33 

248238 
235 92 

029 
23 35 

154533 
2 4 8  
n 93 
3205 
29 97 

13 657 25 
5 70 

100 14 
4 6 6  
0 40 

ID 969 15 
337 12 
30 15 
13 16 
15 59 

16 126 70 
7 07 
1205 

4 093 78 
417 U 

080 
25 45 

303693 
5 55 
87 02 
3406 
61 25 

5509766 
21 48 

388 97 
18 83 
2.36 

67 402 61 
1 267 28 

l l 3 7 7  
48 7s 
59 10 

63-67 
3054 
53 41 

14 931 SS 
150536 

2.81 
103 63 

10 780 63 
19 99 

342 55 
138 33 
216 23 

MGIKG 
MGlKG 
MGlKG 
MGMG 
MGIKG 
MWKG 
MGIKG 
MGIKG 
MWKG 
MGMG 
MGIKG 
MGIKG 
MQtUG 
MGKG 
MGlKG 
MGIKG 
MGlKO 
MGtKG 
MGIKG 
MGlKG 
MGtKCi 
MGlKG 

-- 
-_I_ 
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I Table C-11 (cont') 

4NALk-K' t . '  
0 ,  B e % .  'e. ? . * 

ALUMINUM 
ARSENIC 
BARlUM 
BERYLUUM 
CADMIUM 
W C l U M  
CESIUM 
CHRC)MIUU 
C O P P E R  
R O N  
W 
MAONESUM 
MANWESE 
NICKEL 
SELENIUM 
SILVER 
TIN 
VANADIUM 
ZINC 

ALUMINUM 
ARSENIC 
M R I U M  
BERYLLIUM 
CADMIUM 
W C I U M  
CESIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
LITHIUM 
MAGNESIUM 
MANGANESE 
MERCURY 
NICKEL 
SELENIUM 
SILVER 
STRONnUM 
VANADIUM 
ZINC 

WCS 
wcs 
WCS 
WCS 
wcs 
WCS 
wcs 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 

77 78 
8680 
100.00 
PP 
6667 
10000 
100.00 
100.00 
100510 
10000 
55.56 
100.00 
100 00 
06.67 
100 00 
l a 0 0  

100 00 
im 00 

2.94 
64 81 

I 3.s7 
acu 

2213.33 
214 bo 
20.70 
1214 

14- 
am 

2OS.M 

15.31 
1 s  

24 29 
276.00 
31 42 
2362 

171 m 

11.27 
2Q6.4 
0 45 
2m 

9.s20.83 
247 16 
=e5 
o m  

=,in TO 
2388 

8,758 12 
ma30 
5231 
6 71 

61 68 
ms2 

68.34 
m 7s 

M W O  
MWKO 
L I N G  
MWKO 
MWKQ 
UQIKQ 
MWKQ 
MWKO 
MWKQ 
M W O  
UQIKti 
MWKQ 
M M ( Q  
MWKQ 
MWKO 
MWKCI 
MM(G 
MWKO 

KAR 21 
KAR 21 
KAR 21 
KAA 21 
KAR 19 
KAR 21 
KAR 16 
KAR 21 
KAR 21 
KAR 20 
KAR 20 
KAR 21 
KAR 21 
KAR 21 
KAR 21 
KAR 21 
KAR 19 
KAR 19 
KAR 16 
KAR 21 
KAR 20 
KAR 21 

loo 00 
86 67 
05 24 
100 00 
57 80 
loo 00 
93 75 
100 00 
23 81 
100 00 
loo00 
loo 00 
28 57 
66 67 
100 00 
3333 
w 21 
31 58 
2500 
8048 
8000 
100 00 

7.482.60 

9940 
3 3s 
003 

5 ,4n  14 
z 3  62 

8 91 
6 74 
15 76 

12083 25 
18 01 
7 17 

2053 71 
171 m 
0 23 
18 ?8 
om 
3.72 
6950 
20 70 
(10 24 

272  
&681.30 

3.20 
5s 10 
3 16 
0 37 

1.8331 78 
31 26 
206 
720  
5 93 

6 19 
8 39 

1313 43 
183 74 
0 24 
13 39 
101 
6 a  
3095 
8 76 
19 P 

a.753 XJ 

17,sos &3 
16 015 

307 51 
15 29 
2.21) 

12.395 06 
352 50 
20 18 
3304 
3a 48 

4650232 
4229 
3884 

663637 
win2 

113 

4 8 5  
29 37 
1 w  40 
54 25 
132 82 

70 m 

MGKG 
MGKG 
MGlKG 
MGlKG 
MGIKG 
MGIKG 
MGlKG 
MGlKG 
MOlKO 
MGKG 
MOlKG 
M W G  
MGIKG 
MGKG 
MGIKO 
MOMG 
MGlKG 
MGlKG 
MOlKG 
MOMG 
MGIKG 
MWKG 
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Table C-12 Geologic matenal UTLs by geologic umt for total r~dionuclides 
UPPER TOLERANCE LIMITS BY GEOLOGIC UNIT 
GEOLOGIC MATERIP 

AMERICIUM-241 
CESIUM-137 
GROSS ALPHA 
GROSS B O A  
PLUTONIUM-239.240 
RADIUM a 
FUDIUM-ZO 
STROHnUMd9.90 
TRmLlM 
URANIUM. TOTAL 
URANIUM 233.234 
UR*NIUM-235 
URANIUM.230 

CESIUM 137 
GROSS ALPHA 
GROSS 0ETA 
PLUTONIUM 239,240 
RADIUM 2?6 
W I U M  228 
STRONTlUMbO 90 
TRITIUM 
URANIUM TOTAL 
URANIUM.233 W 
URANIUM 235 
URANIUM 230 

CESIUM-131 
GROSS ALPHA 
GROSS BETA 
PLUTONIUM 239 240 
W I U M  2?6 
RADIUM pt) 
STRONllUMdO 90 
TRITIUM 
W I U M  TOTAL 
URANIUM 233 234 
URANIUM 235 
URANIUM 238 

S. TOTAL WIDIONUCUDES 

-'COL 26 10000 001 OW . 017 
COL 

COL 
COL 
COL 
COL 
COL 
COL 
COL 
COL 
COL 

rrFoL 
21 10000 
21 10000 
28 10000 
28 10000 
2a 10000 
20 100.00 
26 10000 
28 10000 

. *JIW .. . m a 0  4 

1 07 0 18 
157 0.29 
Q 01 036 
6214 lo6 18 
1M 0 73 
1 1 4  138 
OW O M  
OW 0.34 

=lo*. 
' 3932 
.Y%& 

in 
2.65 
1 24 

43390 
4 41 
600 
0.24 
911 

RfA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RfA 
RfA 
RFA 

2a 
62 
62 
62 
62 
58 
58 
62 
62 
62 
62 
62 
62 

100 00 
100 00 
loo 00 
10000 
10000 
100 00 
100 00 
lQ0W 
100 00 
100 00 
10000 
100 00 
10000 

4.00 
0 01 
a32 
24 10 
000 
ow 
1.34 
005 

1.29 
064 
0 01 
064 

i n m  

0 01 
OW 
8 18 
6 75 
0 01 
0 10 
0 31 
035 
1m68 
0 81 
0 46 
003 
038 

002 
0 14 
47.21 
4462 
002 
OW 
232 
109 

645 w 
3 76 
204 
0 11 
1 70 

Pcvo 
PWO 
PWQ 
P W O  
PCUO 
PCUO 
PWO 
PWO 
PWO 
PWO 
PCilO 
PCUO 
PWO 

WCS 
WCS 
WCS 
wcs 
wcs 
WCS 
WCS 
wcs 
WCS 
WCS 
WCS 
WCS 

9 
9 
9 
0 
4 
4 
0 
9 
0 
B 
D 
0 

10000 
100 00 
100 00 
10000 
100 00 
100 00 
10000 
loo 00 
100 00 
100 00 
100 00 
10000 

0 01 
20 89 
21 19 
0 01 
068 
1 42 
0 11 

174 44 
1 3 6  
080 
0 02 
0 73 

003 
588 
553 
0 01 
0 15 
029 
044 

114 47 
0 21 
0 12 
0 01 
0 12 

0 19 
5259 
51 70 
0 01 
253 
4 08 
256 

791 30 
250 
126 
038 
1 39 

KAR 
KAR 
KAR 
KAR 
KAR 
KAR 
UAR 
UAR 
KAR 
KAR 
KAR 
KAR 

21 
21 
21 
21 
14 
14 
21 
21 
21 
21 
21 
21 

100 00 
100 00 
100 00 
100 00 
100 00 
100 00 
100 00 
100 00 
loo 00 
10000 
loo oo 
100 00 

000 
29 98 
25 76 
000 
109 
130 
0 11 
65 05 
1% 
0% 
OM 
0 08 

000 
8 42 
3 s  
0 01 
0 12 
0 19 
0% 
la 69 
064 
0 39 
008 
0 25 

000 
61 78 
40 29 
ow 
163 
2 I4 
1 24 

520 32 
4 40 
2 42 
0 35 
1 92 
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I TabIe C-13 Geologic matenal UTLs by geologic umt for total "water-quality" 

PH 
SULFIDE 

RFA 60 10000 7 97 on 51904 PHUNlTS 
RFA 53 32w 227 302 30,062.97 MWKQ 

NmUfVNilRfTE 
PH 
SULFIDE 

WCS 9 3333 1 W  062 444  MOM6 
WCS 9 10000 7 41 0 18 519 PH UNITS 
WCS 9 p22 300 184 600 MGKO 

PH KAA 21 10000 843 0 87 51117 PHUNlTS 

.': .'* : 
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Table C-14 Geologic matenal UTLs by flow-system for total metals 

.. 
-s--z % *. 4 . 
* *L 
ALUMINU~ 

*be '.* *: *? 9 

ARSENIC 
BARIUM 
BERYLLIUM 
W M I U M  
CALCIUM 
CESIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
LITHIUM 
MAGNESIUM 
MANGANESE 
MERCURY 
NICKEL 
SELENIUM 
SILVER 
STRONTIUM 
VANADIUM 
ZINC 

ALUMINUM 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
CALCIUM 
CESIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
LITHIUM 
MAGNESIUM 
MANCANESE 
MERCURY 
NICUEL 
POTASSIUM 
SELENIUM 
SILVER 
STRONTIUM 
TIN 
VANADIUM 
ZINC 

LOWER 21 
LOWER 21 
LOWER 21 
LOWER 10 
LOWER 21 
LOWER 16 
LOWER 21 
LOWER 21 
LOWER 20 
LOWER 20 
LOWER 21 
LOWER 21 
LOWER 21 
LOWER 21 
LOWER 21 
LOWER 10 
LOWER 19 
LOWER 16 
LOWER 21 
LOWER 20 
LOWER 21 

66 67 
95 24 
10000 
R I  
10000 
03 75 
100.00 
23 81 
10000 
10000 
10000 
28 57 
66 67 
100 00 
3333 
84 21 
31 5a 
25 00 

DO00 
10000 

w 48 

3 72 

335 
083 

5 4 n  14 
P3 62 
8 01 
674 
1576 

12.963 25 
18 91 
7 17 

2053 71 

0 23 
18 78 

372 
60 50 
20 70 
60 24 

mIo 

171 m 

om 

3m 
55 10 
3 16 
0 37 

1 a31 78 
31 26 
298 
720 
5 93 

875330 
6 10 
839 

121343 
183 74 
0 24 
13 39 
101 
622 

30 05 
876 
19 22 

16 05 
307 51 
1519 
228 

12395 W 
352.50 
20 18 
3394 
30 48 

46.502 32 
42 29 
3084 

8.636 37 
e65 82 

113  
70 80 
4 85 

29 37 
186 40 
54 25 
132 82 

MOlKG 
MGlKG 
MGKG 
MOKG 
MG/KG 
MWKG 
MOKG 
MOKG 
MWKG 
MWKG 
McclKa 
MWKG 
MGKG 
MGlKG 
MGMG 
MGKG 
MWKG 
MWKG 
MWKG 
MGlKG 
MGlKG 

UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPDER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 

98 10000 
m 7475 
m 0889 
99 %I91 
81 4815 
99 8586 
95 1789 
m 10000 
09 s330 
99 DO91 
99 10000 
99 10000 
99 4545 
99 6364 

w 3372 
96 9062 
OB 2857 
82 2561 
BJ 4096 
99 43L3 

92 2203 
99 9798 
98 9592 

m 10000 

12 752 03 
388 
96 46 
4 78 
0 82 

6951 09 
230 46 
19 61 
750 
12 57 

14.531 98 
10 87 
11 76 

258442 
217 64 
0 24 
20 73 

1,311 57 
lZ? 
562 
6562 
61 75 
31 49 
3686 

11 310 57 
4 63 
96 46 
4 71 
0 44 

16 215 59 
273 51 
24 33 
10 77 
12 82 

13 257 27 
7 05 
11 45 

3 365 51 
341 96 
064 

20 74 
244262 

1 79 
9 46 
72 88 
11228 
28 50 
51 12 

39 105 66 
14 66 

321 20 
15 75 
2 17 

44 733 4 1  
867 74 
76 30 
32 60 
42 43 

45 421 42 
27 29 
30 45 

1042606 
1 014 41 

220 
69 05 

7.002 88 
6 68 
34 39 
235 42 
323 37 
97 89 
155 57 

MGlKG 
MGlKG 
MGIKG 
MGlKG 
MGKG 
MGIKG 
MGIKG 
MCilKG 
MGIKG 
MGIKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGKG 
MGlKG 
MGKG 
MGlKG 
MGlKG 
MGIKG 
MGIKG 
MGIKG 
MGIKG 
MGIKG 
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I Table C-15 Geologic material UTLs by flow-system for total radionuclides 

GROSS ALPHA 
GROSS BETA 
PLUTONIUM-239.240 
RADIUM 
RADIUWZ8 
STRONnUM69,SO 
TRITIUM 
UIUNIUM. TOTAL 
UIUNIUM-233 234 
UFUNIUM-235 
UMNIUM 238 

AMERICIUM-241 
CESIUM 137 
GROSS ALPHA 
GROSS BETA 
PLUTONIUM 239 240 
RADIUM 2?8 
RADIUM Z8 
STRONTIUMbQ.90 
TRITIUM 
URANIUM TOTAL 
URANIUM 233 234 
UFUNIUM 235 
URCINIUM 238 

LOWER 
LOWER 
LOWER 
L W E R  
LOWER 
L M R  
1 WER 
L W E R  
LOWER 
LOWER 
LOWER 

21 
21 
21 
14 
14 
21 
21 
21 
21 
21 
21 

100 00 
100 00 
10000 
100 00 
100 00 
100 00 
100 00 
10000 
loo oo 
loo 00 
10000 

29 98 
25 76 
000 
109 
130 

0 11 
$5.95 
186 
0 1  
004 
098 

8 42 
365 
0 01 
0 12 
0 19 
036 
la69 
064 
0 39 
008 
0 25 

61 78 
4029 
ow 
163 
2.14 
1 24 

52932 
4 40 
2 42 
035 
192 

.. PWQ 
PCJQ 
PWQ 
PWQ 
PWQ 
P C J O  
PWO 
PWQ 
PCVQ 
PWO 
PWQ 

UPPEA 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 

28 100 00 
99 10000 
99 100 00 
99 10000 
m 100 00 
83 100 00 
83 100 00 
m 10000 
99 100 00 
99 loo 00 
99 loo 00 
99 loo 00 
99 loo00 

400 
0 01 

24 91 
24 72 
000 
0 75 
140 
003 

141 72 
146 
0 78 
0 02 
0 73 

0 01 
OW 
9 28 
606 
0 01 
0 23 
032 
036 

126 75 
0 70 
0 93 
0 05 
0 38 

OW 
0 11 
49 48 
40 75 
OW 
145 
2 37 
0 98 

477 09 
3 55 
3 25 
0 14 
1 73 

Table C-16 Geologic material UTLs by flow-system for total "water-quality " 
parameters 

q UPPER TOLERANCE LIMITS BY FLOW-SYSTEM 
TOTAL 'WATER-OUALITT" PARAMETERS 

FLOW- !%AMPLE PERCENT STANDARD 
ANALYlE SYSTEM SIZE N DnECTS MEAN DEVIATION UT1 00100 UNITS 

PH LOWER 21 10000 8 4 3  0 87 11 73 PH UNIT 

UPPER 97 ~ 0 0 0 0  800  0 89 8 61 PH UNfT 
UPPER 88 27.27 22? 2 52 9 88 MGlKG 
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Table C-17. Stream water UTLs for dissolved metals 

c 

ANMME * *  
I 

b.*.5* e$ 89- ***.* 
ALUMINUM 
ANTIMONY 
RARlUM 
aLCIUM 
COPPER 
IRON 
LEAD 
UWIUM 
MAQNWUM 
M A N M E S E  
PHOSPHORUS 
POTASSIUM 
SELENIUM 
SODIUM 
STRONTIUM 
TIN 
ZINC 

e2 
145 
154 
125 
155 
113 
119 
150 
149 
8 

126 
8s 
1% 
139 
09 
130 

2935 
57.24 
m.51 
37 80 
6863 
2743 
33 61 
76 67 
71 14 
la00 
51 58 
2588 
91 12 
6906 
21.21 
5899 

18 01 
45 17 

25.621 75 
5w 
1u 92 
1.33 
1s 71 

4,735.9 
2802 
101 03 
1.427 16 

2 2 4  
1660304 
241 81 
28 52 
13 58 

17 68 
3544 

11.474 97 
4 97 
178 41 
163 

mse 
2,173 67 
47 73 
124 81 
S8 51 
363 

313 57 
23 40 
98.14 

?.so0 05 

5820 
127 74 

50.3so u 
17 40 

56062 
6 14 
6368 

8,em 47 
1s P 

1.111 00 
3,w 92 
13 26 

34,096 80 
972 43 
83305 
5S.w 

U M  
UGR 
U M  
UWL 
UWL 
U M  
van 
U M  
U M  
U M  
U M  
UOL 
UGL 
W L  
U M  
U M  

Table C-18. Stream water UTLs for total metals 

UPPER TOLERANCE LIMITS (SITE-WIDE) 
STREAM WATER, TOTAL METALS 

ANALME 

ALUMINUM 
ARSENIC 
BARIUM 
CALCIUM 
COPPER 
IRON 
LEAD 
LITHIUM 
MAGNESIUM 
MANGANESE 
PHOSPHORUS 
POTASSIUM 
SELENIUM 
SILICON 
SODIUM 
STRONTIUM 
TIN 
VANADIUM 
ZINC 

SAMPLE PERCENT STANDARD 
SIZE N DETECTS MEAN DEVIATION 99/99 UTL UNITS 

139 7842 
110 27.21 
131 68870 
1% wn 
121 4132 
157 8981 
131 3588 
128 41.27 
146 8151 
151 7881 
6 8333 

128 5703 
120 2167 
6? 10000 

135 6370 
118 2034 
120 27% 
151 6155 

1% nzm 

747 63 
1 73 

5884 
23 60121 

5 59 
1.241 08 
188 
11 TI 

490194 
04 76 
lD6 25 
1.669 97 
155 

6 0?6.23 
16 00 41 
111 63 
20 18 
6 97 
31 91 

134904 
1 76 
34 02 

11.100 19 
4 a7 

286681 
2.35 
17 42 

2,101 61 
343 57 
138 68 

1 071 13 
205 

3 3n 17 
7.620 96 
179 61 
20 13 
936 
61 69 

3 8B2 76 
584 
138 11 

49 464 66 
16 95 

7.920 75 
738 
52-35 

0 81265 
885.29 
120340 
4.167 bo 

653 
16.346 19 
33 817 24 
590 13 
67 07 
28 76 
175 64 

uon 
UGIL 
UGIL 
UGR 
UGIL 
UGR 
UGR 

UOR 
UG/L 

UGIL 
UGR 
UGn 
UGR 
UGIL 
UGR 
UGR 
UGIL 

uon 

uon 
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Table C-19 Sueam water UTLs for dissolved radionucl~des 
i 

**a*.'* a *,ai. 

CESIUM-134 
CESIUM137 
GROSS ALPHA 
QROSS SETA 
QROSS OALAMA 
P L U T O N I U M ~  
PLUToN1uM-238 
PLUTONluM-zIo~Io 
RADIUMa6 
RADIUM-ae 
sTFIoNTIuwo.#) 

URANIUM, TOTAL 
URANIUM 233.234 
URANIUM 235 
URANIUM-238 

mmuM 

"34#*.*1&4 r*-rQ@q t ..m..; .a* &yy%.* 
3 io0 00 227 0 10 4 6 7  
10 io0 00 082 1 2 2  689 
61 moo , 1 0 1  885 28 71 
61 1m00 4 0 s  6 78 a30 
24 100 00 070 055 163 
4 100.00 000 0 01 0 07 
4 loo 00 0 01 0 01 0 07 
s 10000 0 12 0.20 018 
3 loo 00 0 1s 021 523 
2 loQ0O 105 0 49 9293 

87 100 00 0 73 0.55 242 
56 10000 1B5.58 41600 1,4M 07 
6 100 00 072 048 4 27 

56 100 00 0.02 4.21 14 20 
56 100 00 0 14 020 0 78 
w 100 00 0 71 3.24 10 OJ 

h 

Table C-20 Stream water UTLs for total radionuclides ,y 

UPPER TOLERANCE LIMITS (SITE-WIDE) 
STREAM WATER, TOTAL RADIONUCLIDES 

ANALWE 

AMERICIUM-241 
CESIUM-134 
CESIUM 137 
GROSS ALPHA 
GROSS BETA 
PLLfrON1UM-236 
PLUTONIUM-238 
PLUTONIUM239240 
R4DIUM 226 
STRONTlUMdD 90 
TRITIUM 
URANIUM, TOTAL 
URANIUM 233 234 
URANIUM 235 
URANIUM238 

SAMPLE PERCENT STANDARD 
SIZE N D m C T S  MEAN DEVIATION mim UTL UNITS 

106 
8 
s3 
88 
M 
12 
12 
105 
4 

75 
73 
17 
7s 
75 
55 

10000 
loo 00 
100 00 

10000 
100 00 
100 00 
loo 00 
100 00 
100 00 
100 00 
100 00 
100 00 
loo oo 
100 00 
10000 

000 
153 
0 23 
2w 
5 4D 
000 
000 
000 
1 07 
OB2 
75 71 
0 %  
0 49 
0 05 
036 

0 01 
129 
060 
8 25 
8 17 
000 
0 01 
0 01 
1 25 
1 3 0  

20922 
052 
055 
0 07 
0 43 

0 02 
OM 
1 6 3  

28 06 
30 35 
0 01 
003 
002 
16 56 
4 w  

2.69 
216 
0 28 
173 

711 m 
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I TabIe C-21 Stream water UTLs for water-qualtty parameters 
J 

* *  E. a . .  UPPER TOLERANCE L B E Q  (SITE-FE) 
'6lR&iM*WRleR.kU4WhtfABW ~ M € i ? W S ; * :  . ; h e + ~  L o#* +&* 4 * * a d  #;+ed 

. -- . .  .. .* a 

v 
e .  S ~ ~ D A R D  9 

.. . . *  . .  
i u i p i ~  'PERCENT / 

rwm.,. * SKE y DWCTS, . M P N  DEVLATIO~. YolDo WL UNITS 

: *') ?*-." ** a q&No*C1@e % .&,e ';ds3>m*:+. h 9 1 4 2 4 w  . * g * w P *  
CARBONATE 154 2403 294974 1.037 s3 7.514 19 UGR 
CBOM 10 10000 7,635 00 3,912.86 27,- n UOA 
CHLORIDE 151 92.05 16 833 01 15 6M 95 53.201 80 UWL 
CYANIDE 129 3101 2221 03 S P O O Z  14,386 67 U M  
MSSOLVED OROANlC CARBON 35 10000 6 10257 3267.30 i ~ m 7  18 UM 
FLUORIDE loo woo S30 41 107 90 &S 81 UWL 
NrnTElNrnITE lS3 5600 324 55 43884 l S 7  OS UW 
NITWE as a35 13.00 14 74 5b 81 uan 
OIL AND QRUSE 1QS 3333 4,02429 3.754 08 1~77s.80 UCIR 
pn 51 m.04 7.34 063 032 PH UNITS 
PHOSPHORUS lo2 3529 4360 sol 171 08 UWL 
SlUU 95 07W 11,lzall  726S36 20.056 40 UWL 
SULFATE is1 w o i  18.782.45 6,174 66 37.829 40 UWL 
TOTAL DISSOLVED SOLIDS 151 10000 170.119 21 56721 6s -8065 U M  
TOTAL ORGANIC CARBON 49 10000 ?,a 94 4,&?155 P.017 87 UGA 
TOTAL SUSPENDED SOUDS 159 5975 18 an w 45.n272 125.520 42 U M  

t 
t 

IC- 
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, I  Table C-22. Scep/spring water UTLs for dissolved metals. 

a .  

t 1 

UPPER TOLERANCE LIMITS (SITE-WE) 
SEEP /SPRING WATER, DISSOLVED METALS 

a. 7195 * 
***e p=qo 0 ; .  

W 42 2 1 U  108 086 3 81 U M  
LITHIUM 45 as4 2946 2072 0)W U M  
MAQNESIUM 47 72.34 7,002.07 51m40 P.roJo2 U M  
MANMNESE 44 w36 127 SI 1U.S 712.W U M  
MERCURY P z.73 0 18 0 a  118 U M  
MOLYBDENUM 34 20.59 33.81 21 07 101 49 UQR 
POTASSIUM 30 41 03 13899, 1,640 62 8 74s 08 U M  
SODIUM so Sem 12.297 00 s.5(u 5) 2 a . 9 1 9 ~  U M  
STRONTIUM 4s nn 481 40 401 87 1,7492B UOn 
Z)NC 46 4 s a  1s 68 21 13 8233 UQA 

Table (2-23. Setp/spnng water UTLs for total metals 

UPPER TOLERANCE LIMITS (SITE-WIDE) 
SEEP /SPRING WATER, TOTAL METALS 

1 
SAMPLE PERCENT STANDARD 

ANALYTE SIZE. N DETECTS MEAN DEWATION 09/09 VTL UNITS 

ALUMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
CALCIUM 
CESIUM 
CHROMIUM 
COBALT 
COPPER 
CfANlDE 
IRON 
L U D  
UTHIUM 
MAGNESIUM 
MANGANESE 
MOLYBDENUM 
NICKEL 
POTASSIUM 
SELENIUM 
SILICON 
SILVER 
SODIUM 
STRONTIUM 
TIN 
VANADIUM 
ZINC 

4a 
34 
44 
44 
38 
33 
53 
33 
40 
35 
44 
S 

51 
45 
35 
50 
51 
33 
35 
41 
36 
11 
32 
53 
42 
3s 
41 
50 

8333 
32 35 
59 09 
75 00 
34 21 
3030 
m5f 
24 24 
40 00 
3429 
52 27 
4000 
M 24 
M 67 
4851 
woo 
0030 
27 27 
37 14 
4a 711 
3aW 
100 00 
31 25 
W68 
61 Do 
37 14 
51 22 
82200 

18 115 18 
46 68 
son 
013 39 
281 
908 

94-72 

23 69 
4339 
43W 
5 9s 

175 074 71 
01 14 
2943 

10 370 60 
1.7911 04 

3346 
5066 

338623 
3 31 

8,*00 18 
10 05 

12,005 00 
x# 16 
MOJ 
117 09 
195 22 

419 ea 

47.14D 24 
108 89 
192 06 

1,6n2.11 
3 37 
17 25 

128 636 27 
449 37 
49 27 

D9M 
7 48 

518 671 63 
207.26 
;ran 

764436 
502704 

3s 12 
11639 

3,069 81 
372 

302784 
25 W 

478 35 
190 OB 
280 76 
431 42 

m 97 

5.016 as 

166 871 02 
411 91 
675 73 

8.25200 
13 86 
67 29 

500 1 n  1s 
1.936 79 
183 74 
346 73 
359 20 
7283 

1811 48371 
74s 05 
11802 

17-34 
165 51 
430 78 

13 071 SO 
1s 64 

23 02971 
97 35 

27,834 09 
200906 
730 w 

l W 2 M  
1,556 36 

3 4 w m  

UGR 
UGR 
UGlL 
UGA 
UGR 
UGR 
UGR 
UWL 
UGR 
UG/L 
UGA 

UGlL 
UWL 
U M  
UWL 
UGR 
UGR 
UGR 

UGR 
UGR 
U M  
UG'L 
UWL 
UOn 
UG!L 
UGR 

uGn 

u G n  
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I , Table C-24 Seep/spnng water UTLs for dissolved radionuclides I . 

CESlUM.137 
GROSSALPHA 
GROSS B n A  
GROSS QAMMA 
PLlrroNluM-230210 
RAD1UM.22e 

T M U M  
URANIUM. TOTAL 
URANIUIc235.234 
URANIUM.235 
URANIUM.23e 

3 
' 13 

14 
5 
8 
2 

20 
13 
3 
13 
12 
13 

* *;w@f. 
$00 00 
100.00 
100 00 
10000 
10000 
10000 
loo 00 
100 00 
10000 
10000 
100 00 
loo 00 

0. * 3 d1s" .- .e. 

on 
270 
594 
109 
0 10 
099 
0.52 

54125 
1 W  
0 01 
0 12 
080 

%m ** 
0 21 
5 21 
10 09 
125 
0 16 
130 
O S  

2W70 
243 
0 73 
0 13 
054 

l b d  
4 71 
2609 
49 6B 
1227 
102 

24236 
201 

1,637 W 
saw 
4 10 
022 
303 

Table C-25 Seep/spnng water UTLs for total radionuclides. 

UPPER TOLERANCE LIMITS ----E) 
SEEP I SPRING WATER, TOTAL RADIONUCLIDES 

SAMPLE PERCENT STANDARD 
ANALME SIZE N DRECTS MEAN DEVIATION 99/99 UT1 UNITS 

AMERICIUM 241 
CESIUM-137 
GROSS ALPHA 
GROSS B R A  
PLUTONIUM 239 240 
RADIUM 226 
W U M P 8  
STRONTIUM-89 90 
TRITIUM 
URANIUM TOTAL 
URANIUM 233 234 
UR4NIUM 235 
URANIUM2% 

37 
37 
36 
10 
33 
12 
5 
32 
31 
9 
33 
32 
20 

loo 00 
loo 00 
100 00 
100 00 
loo 00 
loo 00 
100 00 
10000 
10000 
loo 00 
100 00 
100 00 
10000 

0 01 
O S  
4252 
215 
0 21 
7 72 
16 38 
032 

6 7  72 
065 
064 
002 
064 

002 
199 

00 77 
150 
0 78 
9 10 
14 11 
038 

1.275 95 
063 
129 
008 
191 

006 
7 16 

340 13 
0 74 

49 BB 
14253 
161 

4,277 76 
4 23 

0 31 
4 89 

2 . a ~  

4 9 9  
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Table C-26 Seep/spnng water UTLs for water-qualrty parameters 1 

UPPER TOLERANCE LIMITS (SITEWIDE) 

. 
ANALYE, .L, 

r;&$&@''" .* - 
CHLORIDE 
CYANIDE 
DISSOLVED O R W I C  CARBON 
FLUORIDE 
NITFUTVNVRITE 
OIL AND OREASE 
PH 
PHOSPHORUS 
SILICA 
SULFATE 
TOTAL DISSOLVED SOUDS 
TOTAL ORGANIC CARBON 
TOTAL SUSPENDED SOLIDS 

1 8 .  *,a)& t 
si 4364 
53 0057 
46 26.00 
5 10000 

18 1m00 
53 6038 
24 STSQ 
35 10000 
18 81 11 
17 10000 
53 0623 
55 10000 
7 10000 

54 8704 

+, a 1 . W  
4 495 88 
l Z U 3  58 

7 11 
SO0000 
5S.P 
945 19 

2.4413 
7.22 

17.025 45 
46062.28 
263.m 92 
9 014.20 

2712305 56 

m m  

urk.sse4 
4 w s 0 8  
17.061 93 

700 
2255 07 
26488 

2118 91 
1,034 06 

049 
#w 15 

8.sQ 50 
87305.62 
174.307 09 
3 . W  56 

7,791.125 40 

: 2 a 3 ~ 1 e 8 - * ~ ~ u a a  
20,180 52 uon 
M.353 W UG/L 

29 21 UWL 
24,W 27 UOR 
1.601.23 U O R  
7.630 34 UWL 
9,400 OB UWL 

864 PH UNITS 
5.559 67 u G n  
51,617 95 UWL 

322411 50 UGR 
813.W 81 UOR 
2843351 UOR 

27.20330620 UOn 

C-3 1 
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I Table C-27 Stream sedunent UTLs for total metals. 

'kWMii(U6 J* e *** . ' 
ANTIMONY 
ARSENIC 
WWUM 
B E W M  
CAOMlUM 
CALCIUM 
CESIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LUD 
LITHIUM 
MAGNESIUM 
MANGANESE 
MERCURY 
MOLYBDENUM 
NICKEL 
POTASSIUM 
SELENIUM 
SIUCON 
SILVER 
SODIUM 
STRONTIUM 
T W U M  
TIN 
VANADIUM 
ZINC 

*&*a'qwa ?% *. 
52 U 2 3  
58 (1949 
57 a421 
m 6316 
51 UP 
59 81.36 
56 e50 
59 8475 
59 76.27 
59 03305 

59 10000 
57 91 23 
59 7966 
59 10000 
49 4aQa 
58 5545 
57 7544 
W 7069 
58 4310 
19 10000 
54 3333 
59 7966 
50 0966  
50 2400 
54 5570 
57 9123 
58 9828 

58 10000 

r5.00764 a. 4,412)ow -4121dh37 
4 5 5  4 16 1766 
2 2 4  250 10 13 

74 47 mas 25382 
O S 3  3 40 11 65 
072 OW 265 

3.554 57 4,719 00 18,446 12 
101 n 107 w 44259 
8.25 7 49 31 w 
5.16 3 57 16 43 
10 81 8 23 36 78 

8,85263 6.263 18 28,61208 
a02 3679 130 09 
10 01 a63 41 01 

1.404 18 1.253.31 5.350 w 
Po52 214 05 907 35 
0 12 0 11 0 46 
5 48 633 31 75 
7 01 544 24 16 

81250 743m 3.159 74 
0 45 055 218 

331 53 362 31 1741 79 
OW 0 71 3 11 

161 47 136 00 593 09 
45 62 n 91 291 42 
034 0 24 110 
9 69 9 79 40 57 
18 15 14 34 63 39 
4444 29 98 139 04 

0 &-* Mt3 
MGlKG 
MGIKG 
MWUG 
MGKG 
M U G  
MWUG 
MGKG 
MGIKG 
M O l K a  
MGIKG 
MWKG 
MWKG 
MGtKG 
MGIKG 
MGIKG 
MGKG 
MGlKG 
MGKG 
MQMG 
MWKG 
MGMG 
MWKG 
MGtKG 
MGlKG 
MGfKG 
MGtKG 
MGtKG 
MGKG 

'* 
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Table C-28 Stream sedment UTLs for total radionuclides 1 

UPPER TOLERANCE LIMITS (SITE-WIDE) . =  . 
. 

$TCIN~ARD 9 . ' 0 .  d SAMPLE PEFCENT 
. e .  . .  

ANALWE S E N  DWCTS MEAN DEVIATION 99/99 UTL UNITS - . * 
) I M E h a U d 4 1 @  * :- '* 
CESIUM137 
GROSS ALPHA 
GROSS BEIA 
PLUTONIUM238 
PLuroNlu&23a240 
R4DIlJM-m 
W U M  a 
smoNnuM69 90 

URANIUM. TOTAL 
URANIUM23&234 
URANIUM235 
URANIUM 2N 

mmuu 

.***4?- 1 m o p  * * *  o$z- .* 
35 10000 0.28 
45 10000 a m  
43 10000 , 35% 
5 10000 000 

4s 100 00 OW 
21 100 00 O N  
20 100 00 170 
43 100 00 0 21 
42 imoo 194.30 
6 im 00 148 

47 100 00 166 
49 10000 0.06 
36 io0 00 140 

*a- &a,.* 
036 

20 46 
ow 
000 
1 61 
036 
0 74 
0.27 
=of 
069 
115 
005 
103 

.* j 
154 

87 54 
6663 
000 
562 
2.a 
4.ss 
1 07 

1.- 58 
6 57 
5.29 
0 21 
4 8 2  

a s Table C-29. Stream sedmtnt UTLs for total "water-quality " parameters. 

UPPER TOLERANCE LIMITS (SITE-WIDE) 
STREAM SEDIMENTS, TOTAL 'WATER-QUAUN' PARAMETERS 

I 
SAMPLE PERCENT STANDARD 

ANALYTE SIZE N DETECTS MEAN D WlATlON 99/99 W L  UNITS 

ALKALINITY AS CAC03 
BICARBONATE As CAca3 
NITRATVNITRITE 
NITRITE 
PH 
TOTAL ALWNITY 

28 0286 1.970 44 510272 1983988 MGlKG 
4 10000 1 041 25 1,449 27 18Og376 MGlKG 

52 71 15 7 76 15 67 57 19 MGlKG 
12 83x3 034 0 19 121 MGlKG 
51 10000 726 066 934 PH UNITS 
6 10000 4 470 00 6.11600 m.99731 MWKG 



1 Table C-30. Step/spnng sedunent UTLs for total metals 

UPPER TOLERANCE LIMITS (SITE-WIDE) 

. . .  .. 
ANmYrE 

YUpilW D e=-@. * .e* 
ANflMONY 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
CALCIUM 
CESIUM 
CHROMIUM 
C O W T  
COPPER 
IRON 

m I U M  
MAGNESIUM 
MANGANESE 
MERCURY 
MOLYBDENUM 
NICKEL 
POTASSIUM 
SELENIUM 
SILICON 
SILVER 
SODIUM 
STRONTIUM 

TIN 
VANADIUM 
ZINC 

rmwuu 

D *  
W1PA.E PERCENT. a .  STANDARD .* 
S E N  DETECTS ' M E A N  OWNTION notoe UTL IJN~TS 

. *  . 
18 
20 
20 
16 
18 
20 
17 
18 
19 
18 
10 
16 
18 
20 
19 
15 
10 
17 
18 
19 
10 
15 
20 
20 
13 
19 
19 
20 

9000 
e3.00 
8125 
4 7s 
100 00 
52W 
ob44 
61 21 
0444 
100 00 
100 00 
MOO 
w00 
10000 
33.33 
57OO 
M.24 
61 11 
68 42 
100 00 
46 67 
fa00 
0000 
3on 
57 89 
100 00 
100 00 

12.55 
201 61 

113 
185 

10.407 50 
zeo 47 
10.06 
8 47 
18 74 

20.763 80 
3637 
10 70 

2349 30 
281 63 
0.23 
15 fl 
12.00 

1,050 72 
1% 

1 6SB 70 
215 

251 62 
11370 
1 42 

2218 
27 63 
56 13 

14.28 
155 62 
OW 
166 

16,osD 58 
ms 
527 
S48 
10 68 

z673 64 
2264 
I 1 2  

1,152.86 
273 79 
0 s1 
19 74 
'I 51 

616 83 
OM 

2.117 17 
108 

20404 
9205 
244 
18 75 
14 21 
22 67 

67.25 
OWM 

852 
W , W  62 
1.070 01 

31 87 
29 81 
61 o( 

1lO.Uo 63 
126 03 
00 49 

666656 
1,327 33 

151 
02.59 
43 31 

3 493 61 
5 07 

12.440 63 
10 49 

1 378 24 
466 32 
12 33 
95 16 
82% 
143 00 

494 

,. UWQ 
MSn<6' 
MWQ 
MGKO 
M W Q  
MGKQ 
MWUQ 
MWKQ 
MWKO 
MMCO 
MOKQ 
MWUG 
MMCO 
MQKQ 
MOKG 
MQKQ 
MGKG 
MGKG 
MWKQ 
MOKG 
MOKG 
MGKQ 
M W G  
MGKG 
MGMQ 
MGlKG 
MGKG 
MdlKG 
MGJKQ 
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I 
I i Table C-31. Sceplspnng sediment UTLs for total radionuclides 

. 

I r 
Y Table C-32. Seeplspnng sediment UTLs for total "water-quality" parameters 

1 UPPER TOLERANCE LIMITS (SITE-WIDE) 
SEEP / SPRING SEDIMENTS, 'WATER-QUALITY' PARAMETERS 

SAMPLE PERCENT STANDARD 
ANALnE SIZE N DETECTS MEAN DEVIATION 99/99 UTL UNITS 

ALKALlNlM AS CAC03 
N1TRATE/NnRITE 
NITRITE 
PH 
TOTAL ALKALlNlM 

8 10000 14,19225 27.343 99 173,110 00 MGlKG 
17 52Q4 4 14 3w 19 80 MGlKG 
3 10000 133 153 37 91 MGMG 

18 10000 7 24 056 0 47 PH UNITS 
MGMG 4 7500 750 25 14QB83 19.32Q 11 
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SURFlClAL SOILS FROM ROCK CREEK 
TOTAL METALS 

Analyte I MEAN S T D D N  N TOLFACT 99199mL UNITS 

129929 2251 53 18 39604 .) 21309 86 MGlKG 
10 525 1 724 18 39604 1735 MGlKG 
5 817 1818 18 39604 1'302 . MGlKG 
1952 8 a63 18 2waC 53037. AbhdOlKb, 

Aluminum 
Apmony 
Arsenic 
Banurn. 

4 ..* Df&B a q i  6- 6 .a &n. *+&lb&G: 

Calcium 
Cesium 
C h r q i u m ,  . * &&. . ' .' 
b P P r  
Iron 
Lead 
lhhium 
Magnesium 

Mercury 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silicon 
Silver 
Sodium 
Stronttum 
Thallium 
Tin 
Vanadium 
Zinc 

Manganene 

1W8 . 0 3C2 
-81 22205 
61$3 -61 43. 
15207 2?98 
' 7381 430% 

12 964 3 629 
153817 322662 
37 535 6 024 
10 98 2 273 

28533 104995 
44367 45101 

009256 00306 
331997 159652 
12 578 3588 
29779 57547 
04785 01460 
76099 700452 
1 726 0 693 
17514 75031 
35331 13811 
03773 01204 
38346 92105 
31 603 6 049 
55 824 7 79s 

3 7  

18 
18 

0 ; ;  '* 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
l e  
18 
18 
16 
18 
18 
16 

2 $1 :%: .1386217' 
39604 30472 

3 9604 27 34 
39604 2816041 
39604 61 39 
3 9604 19 98 
39604 7011 52 
39604 225361 
3 9604 0 21 
3 9504 964 
3 96% 26 79 
39604 525699 
39604 106 
39604 355506 
39604 4 47 
39604 47229 
3 9605 90 03 
3 9604 0 85 
3 9604 74 82 
3 9604 55 56 
3 96W 86 70 

MGIKG 

MGlKG 
MRKG 

3% 
MGlKG 
MGIKG 
MGlKG 
MGlKG 
MGIKG 
MGlKG 
MGNG 
MWKG 
MGIKG 
MGIKG 
MGMG 
MGlKG 
MGlKG 
MGlKG 
MGIKG 
MGlKG 
MGIKG 
MGlKG 
MGlKG 

SURFlClAL SOILS FROM ROCK CREEK 
TOTAL RADIONUCLIDES 

Analyte 

Americium 241 
Cesium-1 37 
Gross alpha 
Gross beta 
Plutonium 239 240 
Redium-226 
Radium 228 
Strontium-e?,SD 
Uranium-233 234 
Uranium-235 
Uranium 238 

MEAN STDDEV N TOLFACT 99103UTL U':;fS 

001854 00392 15 4 2224 005 DZIIG 
1 4 1  0 4897 12 4 €33 3 68 PCVG 

19 825 4 816 10 5 0737 42 77 PCUG 
32 031 5 699 19 3 8924 54 21 PCllG 

0 05523 0 02023 16 3 9504 0 14  PCIIG 
0 94538 0 12813 10 5 0737 1 60 PCllG 
21767 05309 10 5 0i37 4 87 PCllG 
0 61 033 0 29768 9 5 3889 2 22 PCIIG 
7 1L497 0 15557 16 4 1233 1 79 PCIIG 
0 05263 0 03271 16 4 1233 0 19 PCllG 
1 10301 0 18799 16 4 1293 1 95 PCIIG 

Whcrc 7 O L  FACT is  thc tolcrancc factor for thc 9/99 UTL, and "STD DE\" i q  the standard 
dc\ia!ion for sample size N 
hlctals arc E9 pcrccnt \alidaicd, and r-idionuclides arc b pcrccnt \alidJlcd in this table 

The 99/99 L% IS wlculaicd as (TO1 FACT S 'D  DD') t hlEAh 

l e 

: 9 **' 


